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(54) 3-Hydroxy-2(1 H)-py rid i none or 3-hydroxy-4(1 H)-pyridinone derivatives useful as reactive 
oxygen species (ROS) scavengers 



(57) A compound of the formula (1 ): 



(A) Z X 



(OR 5 ). 



<R 6 ) n 



(1) 



wherein A is 



00 

o 

to 
o 
o 



LU 




(AI) 



or 



HO 




(All) 



wherein R 1 , R 2 and R 3 are independently selected from H and alkyi; 
wherein X is O t S, NR 4 or a direct bond, wherein R 4 is H or alkyl; 

wherein Z is a saturated hydrocarbyl chain comprising from 1 to 20 carbon atoms interrupted by one or more 
heteroatom(s) and optionally substituted by one or more oxo substrtuent(s); 
wherein q is 1, 2 or 3; 

wherein if q is 2 or 3, then each A can be the same or different; 
wherein the or each R 5 is independently selected from H and alkyl; 
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wherein the or each R 6 is independently selected from alkyl; 

wherein n is 1 io 5; 

wherein p is 0 to 4; and 

wherein the sum ot n and p is less than 6, 

or a pharmaceuiicaily acceptable sait thereof, and the use thereof in therapy, particularly for the treatment of a condition 
associated with oxidative stress, such as oxidative damage of the central nervous system or an acute or chronic neu- 
rological disorder such as traumatic brain injury spinal cord injury, cerebral tumour, subharrachnoid haemorrage/cer- 
ebral vasospasm, cerebral ischaemia ; stroke (ischaernic or haemorragic), Alzheimer's disease, Huntington's Disease, 
Parkinson's Disease, Friedrich's ataxia, motor neuron disease or multiple sclerosis. 
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Description 

[0001] The present invention relates to compounds containing both ortho-hydroxypyndinone and oxygenated aryl 
functionalities, which possess the dual ability tocheiate iron and scavenge reactive oxygen species (ROS). In particular 
5 the invention relates to specific compounds containing a 3~hydroxy-4{1 H)-pyhdinone or a 3~hydroxy~2(1 K)-pyridinone 
iron chelating moiety as well as a phenolic antioxidant moiety. The present invention also relates to the synthesis of 
such compounds, to pharmaceutical preparations comprising such compounds and to the use of such compounds in 
the treatment and prophylaxis o\ conditions associated with oxidative stress . particularly oxidative damage to the central 
nervous system. 

io [0002] One particularly relevant example of a condition involving oxidative damage to the central nervous system, 
which can be treated with compounds of the present invention, is stroke. Stroke is the third leading cause of death in 
major industrialised countries and the commonest cause of permanent disability (Hunter et al. t Trends In Pharmaco- 
logical Sciences, 1 995, 16 ; 123-128), Each year, in the US and Europe, approximately 1 million people suffer acute 
stroke (Dorman Qtal., CNS Drugs, 1996, 5, 457-474). Between 25% and 35% of these patients die within the first three 

is weeks, and ol the survivors 25% to 50% will be totally dependant on family or institutional care for the rest of their lives. 
The incidence of stroke increases with age, roughly doubling with each passing decade, with 30% of persons aged 
over 65 years being affected (Babikian et al, Cerebrovascular disease in the elderly, in Clinical Neurology of Aging, 
Eds Albert M L. and Knoetel J.E ., OUR New York, 1994). These statistics translate into an annua! incidence of 0 1 to 
0.2% in the US and Europe, with the world-wide market for stroke estimated to be worth $3 billion in 1995 and projected 

£0 to rise to $1 0 billion in 2005. 

[0003] Stroke is defined as an interruption of the blood flow to the brain or leakage of blood out of the brain resulting 
in oxygen deprivation (rschaemia) and subsequent neuronal cell death. Strokes can be divided into two classes, \$- 
chaemic and haemorragic. The former accounts for approximately 83% of all strokes and is caused by thrombosis 
(65%) and/or detachment of a previously formed clot (embolus, 18%). Haemorrhagic strokes, which account lor the 

25 remaining 17% of all strokes, can be subdivided into subarachnoid haemorrhage {7%) and cerebral haemorrhage 
(10%). 

[0004] Markers of oxidative damage have been detected in the brains of ischaemic animals, and a variety of anti- 
oxidant molecules have been demonstrated to be neuroprotective in ischaemic stroke models Thus provides conclusive 
evidence that cerebral ischaemia leads to the production of reactive free radicals. Defined as a chemical species 

-30 containing one or more unpaired electrons, and capable of independent existence, tree radicals are highly destructive 
towards cellular membrane lipids, DNA and proteins. This "oxidath/e-modification* of cellular components ultimately 
leads to a loss of ceil function. One example o! this oxidative process is lipid peroxidation {LP}, a process which in- 
creases membrane fluidity leading to failure of normal membrane potential, disturbance of calcium homeostasis and 
transmembrane signaling, with the ultimate result of neuronal cell death. 

35 [0005] A combination of the brains high-energy demand and subsequent high rate of oxygen consumption, with its 
limiled endogenous antioxidant defences (superoxide dismutase (SOD) : glutathione peroxidase {GSPx), andcatalase) 
makes the brain very susceptible to free radical attack. Additionally, neuronal cell membranes, being rich in polyun- 
saturated fatty acids, are especially vulnerable to oxidative modification. The brains vulnerability to free radical attack 
is further exacerbated by relatively high levels of iron in the brain. Iron is the fundamental catalyst in the production of 

40 the hydroxyl radical ('OH) (Fenton and Haber-Weiss Reactions), reportedly the most destructive of ail Iree radicals 
{Palmer, C, Metals and Oxidative Damage in Neurological Disorders, Ed. Connor, Pfenum Press, New York, 1997, pp 
205-236). 

[0006] Exposure to free radicals is a natural consequence of aerobic respiration, to which the human body possesses 
a variety of natural antioxidant mechanisms. However, during pathological conditions such as stroke homeostatic rnech- 
45 anisms break down, and the balance between the generation of free radicals and natural anf ioxidant defences is shifted, 
resulting in a state of oxidative stress (Seal M.F , Ann Neurol , 1 995, 31 , 119-130: Gerlach &tai., J. Neurocbem., 1994, 
63 T 793-807). 

[0007] In animal models of stroke, supplementation of antioxidant defences with exogenous antioxidant molecules 
has resulted in neuroprotection, as assessed both histologically and behaviourally (Hall E.H ., Metab and Oxidative 
so Damage in Neurological Disorders, supra, pp 325-339). Furthermore, transgenic animals overexpressing SOD have 
been demonstrated to be more resistant to cerebral ischaemia than their wild type iittermates (Chan et ai., Ann. N Y. 
Acad. Sci 1994, 738, 93-103). 

[0008] The iron chelator deferiprone (1 s 2-dimethyl-3-hydroxy-4(1 H)-pyridinone) has also been shown to possess 
antioxidant properties. For example the use of deferiprone to inhibit free radical formation has been disclosed by Kon- 
55 tochiorghes et ai (Free Rad Res. Comms., 1986, 2, 115-124) and by Mostert et ai {Free Rad. Res. Comms,, 1937, 
3, 379-3SS). The use of deferiprone in conjunction with an antioxidant is also disclosed in WO 94/03169 for use in the 
treatment ol sickle cell disease, and by Antonius et ai. (Circulation, 1989, 80, 158-164) for use in the prevention of 
postischemic cardiac injury. Deferiprone has recently been in clinical trials as a potential treatment for iron overbad in 
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thalassemia major, and has also been disclosed for the treatment of parasitic infections, anemia and Alzheimer's dis- 
ease. 

[0009] There are many cellular systems known to be inappropriately activated or regulated as a result of oxygen 
starvation to the brain (e.g. glutarnate receptors, voltage dependent ion channels). A major consequence of this is a 

5 loss of calcium homeostasis and inappropriate enzyme activation via several routes. Generation of free radicals is a 
common biochemical end porrt lo many of the processes thai are ^appropriately regulated following cerebral ischaernia 
(Dorman at al s supra, Hall E.H supra; Pat? et ai, J. Pediatric Surg., 1990, 25, 224-227). Hence intervention "down 
stream" with an antioxidant molecule at a point where many of these processes converge, is considered to be strate- 
gically sound owing to a universal applicability to many intracellular processes. 

10 [0010] Based on the above rationale, a low molecular weight molecule designed to simultaneously trap radicals and 
chelate iron Is a novel, scientifically relevant approach towards the treatment of conditions associated With oxidative 
stress, in particular cerebral ischaemia/stroke. 

[001 1] There have been three related reports describing molecular entities with dual iron chelating and anti-oxidant 
capabilities. The first report, Sato et a/(BioconjugatG Chem., 1995, 6 : 249-54), describes Cu,Zn -superoxide dismutase 

*5 and desferoxamine conjugated via po!yoxyethylene. This high molecular weight conjugate was not used to show 
protection against oxidative stress in vitro, nor was it investigated for its effectiveness in in vivo models oi oxidative 
stress. The second report, Rojanasaku! et a/(Biochim. Biophys Acta, 1996, 1315(1), 21-8), describes a transferrin- 
catalase conjugate which gave increased protection to cells from oxidative stress as a result of its increased uptake 
in to cells via the transferrin receptor. The paper suggests the potential therapeutic use of the "...conjugate for the 

zo treatment of pathological processes in the lung". This high molecular weight conjugate was not investigated for its 
effectiveness in in vivo models of oxidative stress. The third report, Tilbrook et at (WO 9825905), claims compounds 
containing iron chelator units linked to a group containing reducing -SH groups for the treatment of Alzheimer's disease 
and related neurodegenerative diseases. The compounds were not investigated for their effectiveness in in vivo models 
of oxidative stress. 

25 [0012] Currently there are only two recognised forms of treatment available for stroke victims. The first, Aitepase® 
(recombinant tissue plasminogen activator, rTPA) is a clot busting drug only suitable for cerebral thrombosis. Thera- 
peutic thrombolysis can, however, be complicated by a) systemic haemorrhage, b) intracerebral haemorrhage, c) distal 
embolism of a partially digested clot leading to secondary infarction and d) cerebral oedema secondary to reperfusion 
injury. It is, therefore, necessary to exclude the possibility of haemorrhagic stroke by computerised tomographic (CT) 

oo scanning of patients before administering Alteplase. The second recognised treatment, carotid endarterectomy is a 
surgical procedure for unblocking the carotid artery. However both treatments have the potential to exacerbate and 
complicate the original injury, and neither treatment is neuroprotective nor universal for all types of stroke. A third 
treatment, the antioxidant idebenone is licensed for the treatment of stroke in Japan. There is therefore a large unmet 
medical need for an effective neuroprotective compound for the treatment of stroke. 

35 [0013] It is an object of this invention to provide compounds which, unlike the current therapies used for the treatment 
of slroke, protect against damage due to reperfusion injury, and are neuroprotective. Such compounds are potentially 
useful for all types of stroke. It is a further object of this invention to provide compounds \Nhlch may be used in the 
treatment of oxidative stress generally and particularly oxidative damage to the central nervous system. 
[0014] According to the present invention there is provided a compound of the formula (1): 

AQ 



45 




(R 6 ) p 



(1) 



so 



wherein A is 



55 



4 
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10 



15 



20 



25 



HO xY' 

(AI) 



or 



(An> 



wherein R 1 , R 2 and R 3 are independently selected from H and alkyl; 
wherein X is O, S> NR 4 or a direct bond, wherein R 4 is H or alkyl; 
30 wherein Z is a saturated hydrocarbyl chain comprising from 1 to 20 carbon atoms interrupted by one or more 

heteroatom(s) and optionally substituted by one or more oxo substituent{s); 
wherein q is 1 1 2 or 3; 

wherein If q is 2 or 3, then each A can be the same or different; 
wherein the or each R 5 is independently selected from H and alkyl; 
35 wherein the or each R 6 is independently selected from alkyl, 

wherein n is 1 to 5: 
wherein p is 0 to 4: and 
wherein the sum of n and p is less than 6, 

40 or a pharmaceutical^ acceptable salt thereof. 

[0015] It has been found that the compounds of the presenl invention which have a combined antioxidant and iron 
chelating activity can be used for treating oxidative stress, particularly oxidative damage to the central nervous system. 
It has further been found that the compounds of the present invention are surprisingly more effective, especially at low 
concentrations in vitro, than the simultaneous use of the separate ortho-hydroxypyridone iron chelating compound and 

45 the phenolic antioxidant compound. 

[0016] As used herein, the term ''alkyl 14 means a branched or unbranched, cyclic or acyclic, saturated or unsaturated 
(e.g. alkenyl or alkyny!) hydrocarbyl radical which may be substituted or unsubstituted. Where cyclic, the alkyl group 
is preferably C 3 to C 12 , more preterabiy C s to 0 = more preferably C 5 to C 7 . Where acyclic, the alky! group is preferably 
C t to C 10 , more preferably Ci to C 6 , more preferably methyl, ethyl propyl (n-propyl or Isopropyl), butyl (n -butyl, isobutyl 

so or tertiary-butyl) or pentyl (including n-pentyl and isopenlyl), more preferably methyl It will be appreciated therefore 
that the term M alkyl" as used herein includes alkyl (branched or unbranched), substituted alkyl {branched or un- 
branched), alkenyl (branched or unbranched), substituted alkenyl (branched or unbranched), alkynyl (branched or 
unbranched), substituted alkynyi (branched or unbranched), cycloalkyl, substituted cycloalkyl, cycloalkenyk substituted 
cycloalkenyl, cycloalkynyl and substituted cyctoalkynyl. 

55 [0017] As used herein, the term "aryl" means a substituted or unsubstituted carbocyclic aromatic group, such as 
phenyl or naphthyf, or a substituted or unsubstituted heteroaromatic group containing one or more, preferably one, 
heteroatom, such as pyndyl, pyrrolyL furanyf, thienyl, thiazolyl, isothiazoly! f oxazoiyl, isoxazolyl, oxadtazofyl, thiadia- 
zofyf pyrazolyi, imidazolyl, triazolyl, pyrimidmyl pyridazinyl, pyrazinyl, triazinyi, indolyl, indazolyl, quinofyf, quinazolyl, 
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benzimidazolyl, benzothiazolyl, benzisoxazoiyl and benzisothiazoiyl. 

[0018] As used herein, the term "carbocyclic" refers to a ring system in which aU the ring atoms are carbon atoms. 
[0019] The alkyl and aryj groups may be substituted or unsubstituted. Where substituted, there will generally be 1 
to 3 substituents present, preferably 1 substituent. Substituents may include: 

5 

carbon-containing groups such as 

alky I, 
aryl, 

10 arytelkyl (e.g. substituted and unsubstituted phenyl, substituted and unsubstituted benzyi); 

halogen atoms and halogen-containing groups such as 
haloalkyl (e.g trifluorornethyl); 

15 

oxygen-containing groups such as 

alcohols (e.g. hydroxy, hydroxyalkyl, ary^hydroxyjalkyl), 

ethers (e.g. alkoxy, aryloxy, aikoxyalkyl, aryloxyalkyl), 

20 aldehydes (e.g. carboxaldehyde), 

ketones {e.g. alkylcarbonyl, alkyfcarbonylalkyl arylcarbonyl, aryiaJkyicarbonyl, arylcarbonyfalkyl), 

acids (e.g. carboxy T carboxyalkyl), 

acid derivatives such as esters (e.g. alkoxycarbonyl ; afkoxycarbonylalkyl, alkylcarbonyloxy, alkyl- 

carbonyloxyalkyl), 

25 amides (e.g. aminocarbonyL, mono- or di-alkylaminocarbonyl, aminocarbonylalkyl, mono- or di- 

alkylaminocarbonylalkyt aryiaminocarbonyf), 
carbamates (e.g. alkoxycarbonylamino, aryloxycarbonylamino, aminocarbonyloxy, mono- or dialkylaminocarb- 

onyfoxy, arylaminocarbonyloxy) 
and ureas (e.g. mono- or dhalkylaminocarbonylamino or arylaminocarbonylarnino); 

30 

and nitrogen-containing groups such as 

amines (e.g. amino, mono- or di-aikylamino, aminoalky[ : mono- or di-alkylaminoalkyl). 

[0020] As used herein, the term "alkoxy" means alkyKX Alkoxy substituent groups or alkoxy-containing substituent 
35 groups may be substituted by one or more alkyl groups. 

[0021] As used herein, the term "halogen" means a Nuorine 1 chlorine, bromine or iodine radical, preferably a fluorine 
or chlorine radical. 

[0022] In a preferred embodiment, the alky? groups are either unsub stituted or substituted by substitution o? a hydro- 
gen atom with a group selected from OR 7 ; OGOR 7 COOR 7 ; NHR 7 NHCOR 7 and CONHR 7 wherein R 7 is H or alkyl. 
40 [0023] As used herein, the term "heteroatom" means an atom other than a carbon atom, such as nitrogen, oxygen 
or sulphur. 

[0024] As used herein, the term "oxo substituent" means an oxygen atom joined to a carbon atom or to a heteroatom, 
such as sulphur in the hydrocarbyl chain by a double bond. 

[0025] As used herein, the term "interrupted by one or more heteroatom(s)" means that the or each heteroatom may 
45 be positioned at any position along the hydrocarbyl chain including at ermer end of the chain. 

[0026] As used herein, the term "interrupted by one or more group(s)'\ the group(s) being selected from O, S, SO, 
SG 2 , S0 2 NK NHS0 2 , NH, NHCO ! CONri NHCONH, NHCOO, CCONK OCO and COO, means that the or each 
group may be positioned at any position along the hydrocarbyl chain including at either end of the chain. 
[0027] As used herein, the term "pnarmaceuticaMy acceptable sail" means any pharmaceutical^ acceptable salt of 
so the compound of formula (1). Salts may be prepared from pharmaceutical^ acceptable non-toxic acids and bases 
including inorganic and organic acids and bases. Such acsds include acetic, benzenesulfonic, benzoic, camphorsul- 
fonic, citric, ethenesuitonic, dichloroacetic, fumaric, gluconic, glutamic, hippunc, hydrobromic. hydrochloric, isethionrc, 
lactic, maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic phosphoric, succinic, sulfuric, tar- 
taric, oxalic, p-tofuenesulfonic and the Irke. Particularly preferred are hydrochloric, hydrobromrc, phosphoric, sulfuric 
ss and methanesulfonic acids, and most particularly preferred is the methanesulfonate salt. Acceptable base salts include 
alkali metal (e g. sodium, potassium), alkaline earth metal (e.g. calcium, magnesium) and aluminium salts. 
[0028] According to the present invention, the or each A may be independently linked to the chain Z at any atom of 
the cha?n Z. ft is preferred that the or each A is sndependentiy linked to the chain Z at a carbon, nitrogen or oxygen 
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atom of the chain Z. 

[0029] According to the present invention, when A is Al, preferably R 2 and R 3 are independently selected from H, 
unsubstituted alky!, CH 2 OR~ CH 2 OCOR 7 , COOR 7 , CH 2 NHR 7 , CH 2 NHCOR 7 and CONHR 7 wherein R 7 is H or alkyl. 
Preferably, is selected from H and unsubstituted alkyl. More preferably R\ R 2 and R 3 are independently selected 
5 from H and unsubstituted alkyl. More preferably, R 1 and R 2 are H and R 3 is unsubstituted alkyl. it is further preterred 
that R 5 is methyl. 

[0030] According to the present invention when A is All, preferably R 1 , R 2 and R 3 are independently selected from 
H, unsubsiiluled alkyl, CH 2 OR 7 CH 2 OCOR 7 : COOR 7 ; CH 2 NHR 7 , CH 2 NHCOR 7 and CONHR 7 wherein R 7 is hi or alkyl. 
Preferably, R 1 3 R 2 and R 3 are independently selected from H and unsubstituted alkyl. More preferably R 1 , R 2 and R 3 
io are H. 

[0031] Preferably, the present invention provides a compound wherein A is Al. 
[0032} Preferably the present invention provides a compound wherein q-1. 

[0033] In a preferred embodiment, Z is a saturated hydrocarbyi chain comprising from 1 to 20 carbon atoms inter- 
rupted by one or mors group(s) selected from O, S, SO, S0 2 , S0 2 NH, NHS0 2 , NH, NHCO, CONH NHCONH, NHCOO, 
15 OCONH, OCO and COO 

[0034] Preferably, the present invention provides compounds wherein Z comprises from 1 to 13 carbon atoms. 
[0035] In an alternative embodiment; the present invention provides compounds wherein Z comprises from 1 to 10, 
preferably from 1 to 8, carbon atoms. 

[0036] In a further preferred embodiment Z is (CH 2 ) k W(CH 2 ) m! wherein k and m are independently 0 to 20; wherein 
20 -|< (k+m) < 20; and wherein W selected from O, S 7 SO, S0 2 , S0 2 NH, NHS0 2 > NH : NHCO, CONH NHCONH, 
NHCOO, OCONH OCO and COO. In this embodiment, it is preferred that: 

when k is 0 5 W is selected from O t Nbi NHCO, NHCONH, NHCOO and OCONH: and 
when k is 1 , W is selected from SO, SO &1 S0 2 NH, CONH and COO; and 
25 when m is 0 and X is a direct bond, W is selected from 0 : S, SO^H, NH, CONH, NHCONH, NHCOO, OCONH 

and COO; and 

when m is 0 and X is O, S or NR 4 W is selected from SO, S0 2 , NHS0 2 and NHCO; and 
when m is 1 and X is O, S or NR 4 W is selected from SO, S0 2> NHS0 2 and NHCO t OCO. 

30 [0037] Prelerably the present invention provides compounds wherein 1 < (k+m) < 1 3, 

[0038] In an alternative embodiment, the present invention provides compounds wherein 1 < (k+m) < 10, and pref- 
erably wherein 1 < (k+m) < 8. 

[0039] Prelerably, the present invention provides compounds wherein k is 1 , 2, 3 or 4. Preferably m is 1 , 2 T 3 or 4, 
[0040] Preferably, the present invention provides compounds wherein W is selected from O, NH, CONK NHCO, 
35 COO and OCO. More preferably, W is selected from O, NH, CONH and NHCO. 

[0041] According io the present invention, Lhe chain Z may be branched or unbranched, optionally subsiituted by 
one or more alkyl group(s) : and may be cyclic. Preferably Z is an unbranched chain. It will be appreciated that where 
q=1, Z is a di-valent hydrocarbyi chain; where q-2, Z is a tri-vaient hydrocarbyi chain; and where q=3, Z is a tetra- 
valent hydrocarbyi chain. 

4o [0042] As used herein to describe the hydrocarbyi chain Z, the term "cyclic" means either that Z may comprise a 
cyclic hydrocarbyi group of from 3 io 10 carbon atoms, preferably 5, 6 or 7 carbon atoms; or that, where R 5 or R e is 
alkyl, a cyclic group is present as a result of cyclisation of the alkyl group of R 5 or R 6 onto Z; or that, where X is NR 4 
and R 4 is alkyf, a cyclic group is present as a result of cyclisation of R 4 onto Z. it is preferred that a cyclic group formed 
as a result of cyclisation of R 4 , R 5 or R 6 onto Z is a 5 T 6 or 7-membered ring. 

45 [0043] Preferably, the present invention provides compounds wherein X is O, S or a direct bond, more preferably X 
is O or a direct bond. 

[0044] According to the present invention, where X is NR 4 , R 4 is preferably alkyl. 

[0045] According to the present invention, when X is NR 4 and R 4 is alkyl R 4 may be cyclized onto the chain defined 
as Z. 

so [0046] According to the present invention, R s is preferably selected from H and C-,. 10 alkyl. More preferably R $ is 
H It is preferred that at least one R 5 is H. 

[0047] Preferably the present rnvention provides compounds wherein n is 1 to 3 ; more preferably n is 1 or 2. 
[0048] According to the present invention, when R $ is H, preferably OR 5 is positioned in the ortho or para position 
in the ring with respect Io X. More preferably OR 5 is positioned in the para position of the ring with respect to X. 
55 [0049] According to the present invention the or each R 6 is preferably independently selected from C,_ 10 alkyl, 
preferably C 1 . 4 alkyl, most preferably methyL isopropyi or t-butyl. 
[0050] Preferably the present invention provides compounds wherein p is 2, 3 or 4. 

[0051] According to the present invention, when p is 1 or 2, alkyl groups represented by R 6 is/are preferably positioned 
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ortho to OR 5 , preferably jn the meta-position of the ring with respect to X to give, for example, a compound of formula: - 




15 



20 



[0052] According to the present invention, when p is 3, aikyl groups represented by R 6 are preferably positioned to 
give, for example where three R 6 are methyl, a compound of formula:- 



Oil 



25 



30 



[0053] In an embodiment of the present invention, where R s or R 6 are alkyl, the alky! group of R s or R 6 can be 
cyclized on to a carbon atom or a nitrogen atom of the chain defined as Z to form a ring. 

[0054] According to a further aspect of the present invention there is provided a method of preparing the compounds 
of the present invention. The compounds of the present invention may be prepared using standard synthetic chemistry. 
[0055] A general method for synthesis of compounds where q = 1 and A is a 3-hydroxy-4(1 /-O-pyridinone moiety 
comprises condensation of the primary amine of the respective antioxidant unit (3) with a 3-benzyloxy-4-pyrone (2) (in 
the presence of base, for example NaOH in a MeOH: water solution), followed by removal of the benzyl protecting 
group (with for example H 2 and Pd/C), as illustrated in Reaction Scheme 1. (For the condensation of 3-benzyloxy- 
2-methyl-4-pyrone with simple primary amines, see Dobbin era/., J. Med. Chem., 1993, 36, 2448-2458). 



35 



Reaction Scheme J 



40 



45 



50 



(3) 



R 3 
<2) 



1} "condensation" 
2) "cteprotection* 



R 1 T 



[0056] The primary amines., of the respective antioxidants, (3) can be prepared using standard synthetic chemistry. 
[0057] A general method for synthesis of compounds where q ~ 1 and A is a 3-hydroxy-2(1H)-pyridinone moiety 
comprises N-alkylation of a 3~rnethoxy-2f 1 H)-pyridinone (4) with the halide of the respective antioxidant unit (5) (or an 
alternative eiectrophilic alkylating derivative of the antioxidant unit; for example, mesylate or tosylate), followed by 
removal of the methyl protecting group (with for example BBr 3 ), as illustrated in Reaction Scheme 2. (For the alkyiation 



S 
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of 3-methoxy-2(1f/)-pyridinone with simple alkyl iodides, see Dobbin etal, J, Med. Chem., 1993, 36, 2448-2458). 



Reaction Scheme 2 



OMe 



10 



15 



20 




/=V<OR') M 



R 3 
(4) 



OH 



(5) 

i}"atkylatton ,f 
2) "dcpTotection" 



where LQ is a leaving group 
eg. I, Br, Ci, Ms, Ts 



25 



30 



(0058] The primary halides, (mesylates and tosylates) of the antioxidants, (5) can be prepared using standard syn- 
thetic chemistry. 

[0059] A specific method for the synthesis of compounds where q = 1 , A is a 3-hy d roxy ~4~( 1/-/)*pyr id i none moiety 
and Z contains a CONH, GOO S0 2 NH or S0 2 0 unit (for example, compounds of Example 1 ; 5 and 10) comprises 
coupling the acid derivative (carboxylic or sulfonic) of the protected hydroxy pyndinone (6) with the primary amine or 
alcohol of the respective antioxidant unit (7) using standard coupling techniques (1or example via acid activation as a 
succmimdyi ester, or with coupling reagents such as EDC!) ; followed by removal ot the benzyl protecting group, as 
illustrated in Reaction Scheme 3. (For the coupling ot a compound of the type (6), where k is 2 and Q is CO.. to simple 
amines see Dobbin etai J. Med. Chem., 1993, 36, 2448-58). 
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Reaction Scheme 3 
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[0060] The acid derivatives (carboxylic or sulfonic) of the protected hydroxy pyridinones (6) can be prepared using 
standard synthetic chemistry. (For the synthesis of (S), where R 1 and R 2 are H, R 3 \s methyl, k is 2 and 3 and Q is CO, 
see Dobbin et ai J. Med, Chem., 1993, 36, 2448-58). 

[0061] A specific method for the synthesis of compounds where q = 1 , A is a 3-hydroxy-2-(1/-f)-pyridinone moiety 
5 and Z contains a CONH, COO, SO^NH or S0 2 G unit (for example, the compound of Example 11) comprises coupling 
of the acid tierival'we {carboxylic or sulfonic) of the protected hydroxy pyridincne (8) with the primary amine or alcohol 
of the respective antioxidant unit (7) using standard coupling techniques (for example via acid activation as a succin- 
imdyl ester, or with coupling reagents such as EDCI), followed by removal of the benzyl protecting group, as illustrated 
in Reaction Scheme 4. (For the coupling of a compound of the type (8), where k is 1 and Q is CO, to simple amines 
10 see Streater et ai J. Med. Chem., 1990, 33, 1747-1755). 
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Reaction Scheme 4 
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[0062] The acid derivatives (carboxylic or sulfonic) of the protected hydroxy pyridinone (S) can be prepared using 
standard synthetic chemistry. (For the synthesis of (8), where R 1 , R 2 and R 3 are H, k is 1 and Q is CO ; see Streater 
etai. J. Med. Chem., 1990, 33 : 1747-1755) 

[0063] The primary amines and alcohols of the respective antioxidants (7) can be prepared using standard synthetic 
chemistry. 

[0064] A specific method for the synthesis of compounds where q = 1 , A is a 3~hydroxy-4-(1 H)-pyridinone moiety 
and Z contains a NHCO s OCO : NHS0 2 or OSO a unit (for example, the compounds of Example 3, 4 ; 8 and 9) comprises 
coupling the primary amine or alcohol derivative of the protected hydroxy pyridincne (9) with the carboxylic or sulfonic 
acid derivative of the respective antioxidant unit (10) using standard coupling techniques (for exampfe via acid activation 
as a succinimdyl ester, or with coupling reagents such as EDCI), followed by removal of the benzyl protecting group, 
as illustrated in Reaction Scheme 5. (For the coupling of a compound of the type (9), where k is 3 and B is NH, to 
simple acid derivatives see Miller et al Synth. Comm., 1 995, 25, 3247-53). 
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Reaction Scheme 5 
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[0065] The primary amine or alcohol of the protected hydroxy pyridinone (9) can be prepared using standard synthetic 
2S chemistry. (For the synthesis of (9) : where R 1 and R 2 are H, R 3 is Me, k is 2 and 3 and B is NH and O, see Dobbin at 
at. J. Med. Chem., 1993, 36, 2448^58). 

[0066] A specific method lor the synthesis of compounds where q = 1 , A is 3~hydroxy-2-(1 H)-pyndinone moiety and 
Z contains a NHCO, OCO, NHS0 2 or OS0 2 comprises coupling the primary amine or alcohol derivative of the protected 
hydroxy pyridmone (11) with the carboxyiic or sulfonic acid derivative of the respective antioxidant unit (10) using 
so standard coupling techniques {for example via acid activation as a succinimdyf ester, or with coupling reagents such 
as EDCI) : followed by removal of the benzyl protecting group, as illustrated in Reaction Scheme 6. 
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Reaction Scheme 6 
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[0067] The primary amine or alcohoi of the protected hydroxy pyridinone (11 ) can be prepared using standard syn- 
thetic chemistry. 

[0068] The acid derivatives (carboxyiic or sulfonic) of the respective antioxidants (10) can be prepared using standard 
synthetic chemistry. 
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[0069] A specific method for the synthesis of compounds where q = 1, A is a 3-hydroxy-4-(1H)-pyridinone moiety 
and Z contains a NH unit (for example, the compounds of Example 2 and 7) comprises reductive animation of the 
aldehyde of the respective antioxidant unit (12) with the primary amine of the protected hydroxy pyridinone {1 3) using 
standard conditions (for example NaCNBH 4 in MeOH), followed by removal of the benzyl protecting group, as illustrated 
in Reaction Scheme 7. (Alternatively, the reductive amination can be carried out in the reverse fashion using the alde- 
hyde of the hydroxy pyridinone and the amine of the antioxidant unit ). 



Reaction Scheme 7 
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[0070] The primary amine of the protected hydroxy pyridinone (1 3) can be prepared using standard synthetic chem- 
istry. {For example, for the synthesis o! (13), where R 1 and R 2 is H, R 3 is Me : k is 2 and 3, see Dobbin et at, J. Med. 
Chem., 1993 T 36, 2448-5B). 

[0071] The aldehydes of the respective antioxidants (12) can be prepared using standard synthetic chemistry. 
[0072] A second specific method for the synthesis of compounds where q = 1 , A is a 3-hydroxy-4-(1 H)-pyridinone 
moiety and Z contains a NH unit (for example, the compounds of Example 2 and 7) composes condensation of the 
bis-amine of the respective antioxidant unit (14) with the 3-benzyloxy-4-pyrone (2), followed by removal of the benzyl 
protecting group, as illustrated in Reaction Scheme 8. 



Reaction Scheme 8 
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[0073] Bts-amine (14) can be prepared via standard methods. For example via reductive amination of the aldehyde 
derivative of the respective antioxidant unit (12) with di-aminoalkane (15) (using for example NaCNBH 4 in MeOH), 
followed by deprotection (using for exampfe trifluoroacetic acid). Alternatively (14) can be formed via amidation of the 
acid derivative of the respective antioxidant unit (16) with di-aminoalkane (17), followed by deprotection, and finally 
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reduction (using for example LiA!H 4 ). See Reaction Scheme 9. 
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[0074] A specific method for the synthesis of compounds where q = 1 , A is a 3-hydroxy-4-(1 H)-pyridinone moiety 
and Z contains O units (for example, the compound of Exarnpie 6) comprises a&ylation of ihe alcohol of the respective 
antioxidant unit (18) with an alkylating agent containing a nitrogen functionality (or a functionality capable of transfor- 
mation into a amine group), for example compound (19), conversion of the product into a amine (using for example 
25 LiAlH 4 ) > condensation of the amine with the 3-benzySoxy~4-pyrone (2), followed by removal of the benzyl protecting 
group. See Reaction Scheme 10, 
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Reaction Scheme 10 
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[0075] Compounds of the present invention which contain more than one hydroxy-pyridinone Fe-chelatlng unit 
(where q = 2 or 3) may be prepared via a general method, using standard synthetic chemistry. For example, compounds 
where q = 2 can be prepared via condensation of the bis-primary amine of the respective antioxidant unit (20) with two 
equivalents of the 3-benzyloxy-4-pyrone (2) (in the presence of base, tor example NaOH in a MeOH:wa1er solution), 
followed by removal of the benzyl protecting groups (with for example H 2 and Pd/C), as illustrated in Reaction Scheme 
11. Likewise, compounds where q = 3 can be prepared via condensation of a tris-primary amine of the respective 
antioxidant unit with three equivalents of 3-benzyloxy-4-pyrone (2). (For the reaction of (2), where R 1 and R 2 are H h 
and R 3 is Me, with 1 ,6-diaminohexane see Orvig ot at, Can. J. Chem., 1 938, 66, 1 23-1 31 ). 
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Reaction Scheme 11 
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[0076] The bis-primary amine (20), (and tris-primary amines) may be prepared using standard synthetic chemistry. 
[0077] A specific method of synthesis of compounds of the present invention which contain more than one hydroxy- 
pyridinone Fe-chelating unit, {where q = 2 or 3) and 2 contains a NHCO, OCO, NHS0 2 or OS0 2 unit, exists. For 
example, synthesis of compounds where q = 2 comprises coupling two equivalents of the primary amine or alcohol 
derivative of the protected hydroxy pyridinone (9) with the di-carboxylic or di-sultonic acid derivative of the respective 
antioxidant unit (21) (using standard coupling techniques, for example via acid activation as a succinimdyl ester, or 
with coupling reagents such as EDCI), followed by removal of the benzyl protecting group. See Reaction Scheme 12, 
Likewise, compounds where q - 3 can be prepared via coupling a tns-carboxylic acid of the respective antioxidant unit 
with three equivalents of the primary amine or alcohol derivative of the protected hydroxy pyridinone (9). 



Reaction Scheme 12 
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[0078] The di-carboxyiic acid derivative of the antioxidant unit (21 ) can be prepared from bromide (22) via reaction 
with dimethylmalonate (in the presence of a suitable base, for example NaH) to produce the dimethyl ester, followed 
by saponification (using for example NaOH), as illustrated in Reaction Scheme 13. 



Reaction Scheme 13 
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[0079] Phenolic OH groups of the antioxidant unrt starting materials/precursors, described above, can be optionally 
protected during synthetic manipulation (for example, as a benzyl ether). Deprotection to reveal the phenolic -OH 
groups of the antioxidant unit can be carried out simultaneously with removal of the protecting group of the hydroxy 
pyndinone unit tn the last step of the sequence. 

20 [0080] The compounds of the present invention may contain one or more asymmetric carbon atoms, so that the 
compounds exist in different stereoisomeric forms. The compounds can be, tor example, racemates or optically active 
forms. The optically active forms can be obtained by resolution of the racemates or by asymmetric syntheses. 
[0081] The compounds of the present invention may also be in a prodrug form wherein some or ail of the free -OH 
groups of the preferred compounds are derivatised (for example, via an ester, amide or phosphate bond) with a suitable 

2S group {the group may contain, for example, an afkyl, aryl, phosphate, sugar, amine : glycol, sulfonate or acid function) 
which is suitably labile so as it will be removed / cleaved (eg. by hydrolysis) to reveal the preferred compound sometime 
after administration or when exposed to the desired biological environment. Prodrug forms of the compounds of the 
present invention can be used to increase compound solubility and stability for formulation, increase efficacy and 
decrease metabolism. 

30 [0082] Preferably the prodrug forms of the compounds of the present invention are ester linked alkyi or aryl amines. 
For example, esters derived from glycine, N-methyi glycine, N,N-dim ethyl glycine, (5-alanine t 7-aminobutyric acid, va- 
line, or am inobenzoic acid. 

[0083] Preferably the ester linked amine prodrug ts derived from r^N-dimethyl glycine. 

[0084] The prodrugs of the compounds of the present invention may be prepared usrng conventional synthetic meth- 
35 ods. For example, a general method for synthesis of the preferred prodrugs of the compounds of the present invention 
comprises coupling a N-protected arninoacid derivative with the hydroxy group of the antioxidant unit (using for example 
potassium carbonate in acetone), followed by deprotection. This is illustrated in Scheme 14 using a N-hydroxysuccin* 
imide ester or an acid chloride as an example of the N-protected amino acid derivative. 
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[00S5] Alternatively, the N-protecied amino acid derivative can be coupled to the hydroxy group of the pyridone unit, 
so followed by de protection, as illustrated in Scheme 15. 
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Reaction Scheme 15 
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[0086] Schemes 14 and 15 illustrate the preparation of prodrugs of the compounds of the present invention where 
A~ Al andq - 1 , However, the synthetic routes shown in Schemes 14and 15 are generally applicable to the preparation 
of prodrugs of any of the compounds of the present invention, i.e. where A = Al or Ail and q = 1 , 2 or 3. 
[0087] To further increase their efficacy, compounds of the present invention may also contain additional non-cova- 
lently linked components such as dextrans or cyclodextrins, which aid stability and dispersion, and decrease metab- 
olism of the active ingredient. 

[0088] According to a further aspect of the present invention there is provided a compound of the present invention 
for use in therapy. 

[0089] According to a further aspect of the present invention there is provided use of a compound of the present 
invention in the manufacture of a medicament for the treatment of a condition associated with oxidative stress, partic- 
ularly oxidative damage of the central nervous system. 
[0090] The term "treatment 11 as used herein includes prophylaxis. 

[0091] Diseases, disorders and medical treatments/procedures associated with oxidative stress that can be treated 
with the compounds of the present invention include: aging; acute intermittent porphyria; adriarnyc in -induced cardio- 
myopathy; AIDS dementia and HI\A1 induced neurotoxicity; Alzheimer's disease; atherosclerosis; cateract; cerebral 
ischaemia; cerebral palsy; cerebral tumour; chemotherapy-induced organ damage; cisplatin-induced nephrotoxicity; 
coronary artery bypass surgery; diabetic neuropathy; Down's syndrome; drowning; epiiepsy and post-traumatic epi- 
lepsy; Friedrich's ataxia: frontotemporal dementia; glaucoma; glomerulopathy; haemochromatosis; haemodialysis; 
haemolysis; haemolytic uraemic syndrome (Weil's disease); haemorrhagic stroke: heart attack and reperfusion injury: 
Huntington's disease; Lewy body disease; intermittent claudication; ischaemic stroke; inflammatory bowel disease; 
macular degeneration; malaria; methanol-induced toxicity; meningitis (aseptic and tuberculous); motor neuron disease; 
multiple sclerosis: multiple system atrophy: myocardial ischaemia; neoplasia; Parkinson's disease; perinatal asphyxia; 
Pick's disease; progressive supra-nuclear palsy; radiotherapy-induced organ damage; restenosis after angioplasty; 
retinopathy; senile dementia; schizophrenia; sepsis; septic shock; spongiform encephalopathies; subharrachnoid 
haemorrage/cerebral vasospasm; subdural haematoma; surgicai trauma, including neurosurgery; thalassemia; tran- 
sient ischaemic attack (TIA); traumatic brain injury (TBI); traumatic spinal rnjury; transplantation; vascular dementia; 
viral meningitis; and viral encephalitis. 

[0092] Additionally, compounds of the present invention may also be used to potentiate the effects of other treatments, 
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for example to potentiate the neuroprotective effects of brain derived nerve growth factor. 

[0093] The invention is particularly directed to conditions which induce oxidative damage of the central nervous 
system, including acute and chronic neurological disorders such as traumatic brain injury spinal cord injury, cerebral 
ischaemia, stroke (ischaemic and haemorragic) ) subharrachnoid haemor rage/cere bra! vasospasm, cerebral tumour 
Alzheimer's disease, Huntington's disease, Parkinson's disease, Friedrich's ataxia, motor neuron disease and muitiple 
sclerosis. 

[0094] The invention further provides a method of treating a condition associated with oxidative stress, particularly 
oxidative damage o\ the central netvous system, comprising administering io a patient in need of such treatment an 
effective dose of a compound of the present invention. 

[0095] The invention further provides a pharmaceutical composition comprising a compound of the present invention 
in combination with a pharmaceutical^ acceptable carrier or excipient and a method of making such a composition 
comprising combining a compound of the present invention with a pharmaceutical^ acceptable carrier or excipient, 
[0096] Compounds of the present invention may be administered in a form suitable 1or oral use } for example a tablet, 
capsule, granule, powder aqueous or oily solution, suspension or emulsion; for topicaf use including transrnucosal 
and transdermal use T for example a cream, ointment, gel, aqueous or oil solution or suspension , salve, patch or plaster; 
for nasal use, for a example a snuff, nasal spray or nasal drops; for vaginal or rectal use, for example a suppository: 
for administration by inhalation, for example a finely divided powder or a liquid aerosol; for sub-lingual or buccal use, 
for example a tablet or capsule; or for parenteral use (including intravenous, subcutaneous, intramuscular intravas- 
cular, intrathecal or infusion), for example a sterile aqueous or oil solution or suspension, in general the above com- 
positions may be prepared in a conventional manner using conventional excipients, using standard techniques well 
known to those skilled in the art of pharmacy. Preferably, the compound is administered oraily for chronic disorders 
such as Alzheimer's and Parkinson's disease, and intravenously for acute disorders such as stroke and TBI. 
[0097] For oral administration, the compounds of the invention will generally be provided in the form of tablets or 
capsules or as an aqueous solution or suspension. 

[0098] Tablets for oral use may include the active ingredient mixed with pharmaceutical acceptable excipients such 
as inert diluents, disintegrating agents, binding agents, lubricating agents, sweetening agents, flavouring agents, col- 
ouring agents and preservatives. Suitable inert diluents include sodium and calcium carbonate, sodium and calcium 
phosphate, cyclodextrin, and lactose, while corn starch and alginic acid are suitable disintegrating agents. Binding 
agents may include starch and gelatin, while the lubricating agent, if present, will generally be magnesium stearate, 
stearic acid or taic. If desired, the tablets may be coated with a material such as glyceryl monostearate or glyceryl 
distearate, to delay absorption in the gastrointestinal tract. 

[0099] Capsules fororal use include hard gelatin capsules in which the active ingredient is mixed with a solid diluent, 
and soft gelatin capsules wherein the active ingredient is mixed with water or an oil such as peanut oil, liquid paraffin 
or oiive oil. 

For intramuscular, intraperitoneal, subcutaneous and intravenous use, the compounds of the invention will generally 
be provided in sterile aqueous sofutions or suspensions, buffered lo an appropriate pH and isolonicrly Suitable aqueous 
vehicles include Ringer's solution and isotonic sodium chloride. Aqueous suspensions according to the invention may 
include suspending agents such as cellulose derivatives, lipids, sodium alginate, polyvinylpyrrolidone, cyclodextrins, 
gum tragacanth, polyethylene glycol, propylene glycol, N,N-dnr*ethyteicetamide, cremophors, polysorbates, liposomes 
and wetting agents such as lecithin. Suitable preservatives for aqueous suspensions include ethyl and n-propyl p- 
hydroxybenzoate. 

[0100] It will be appreciated that the dosage levefs used may vary over quite a wide range depending upon the 
compound used, the seventy of the symptoms exhibited by the patient and the patient's body weight. 
[0101] The invention will now be described in detail with reference to the fohowing examples and figure. It witt be 
appreciated that the invention is described by way of example only and modification of detail may be made without 
departing from the scope of the invention. 

[0102] Figure 1 shows the effect of a compound of the invention on intracellular oxidation of dichiorcdihydrofluores- 
cem (DCFH) to dichlorofluorescein (DCF). I AA-stimulated fluorescence values are given as a function of concentration 
of the test compound. 

[0103] Figure 2 shows the in vivo activity of a compound of the present invention in the malonic acid lesion model 
of oxidative stress. 
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EXPERIMENTAL 
Synthetic Examples 
5 Example 1 

[0104] S-O^-Dihydro-S-hydroxy^-^ -hydroxyphenyl)pro- 
pyl)propanarrride 



15 




zo [0105] 3-(3-Benzyioxy-1A-dihydro-2-methyf-4-oxo-1-pyrW^ -hydroxypheny()propyl)pro- 
panarnide 
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30 

Succinimidyl 3-(3-benzyloxy-1 f 4-dihydro-2-me*hyl~4-oxo-1 -pyridinyl)propanoate [Dobbin et ai. J. Med. Chenr (1993), 
36(17), 2448-58] (CL44g, 1.1 mmoi), a^S-di^e^butyl^-hydroxyphenyOpropylamme [Netherlands published patent 
application NL-7905000] (0.3 g, 1.1 rnmof) and CH 2 Ci 2 (9.0 mL) were stirred at room temperature tor 20 h, washed 
with 2.0-M NaOH, dried (Na 2 S0 4 ) ; concentrated in vacuo and purified by chromatography {Si0 2 ; CH 2 Ci 2 -MeOH (93: 
35 7)] to give the product (0.59 g, 97%) as a ctear colourless oil: iRv max (liquid filmycnrr 1 3284, 2953, 1656, 1626 : 1558, 
1515,1 435, 1 252, and 1 031 f NMR 5 H (400 MHz. CDCI 3 ) 1 41 (1 8H ; s), 1 .79 (2H, pent, J 7.5 Hz), 2. 1 3 (3H, s), 2.50-2.56 
(4H ; m), 3.23-3.28 {2H, m) ; 4.11 (2H ; t, J 7 0 Hz) ; 5.04 (1H, br s), 5.12 (2H, s), 6.33 (1H, d, J7.5 Hz), 6.95 {2H, s), 7.10 
(1H, brs), and 7 25-7.39 (6H, m). 

[0106] 3-(1A-Dihydro-3-hydroxy-2-methyf-4'OXO-1-pyridinyl)~N^ 
40 panamide 



45 




so 3-(3-Benzyloxy-1,4-dihydro-2-methyl-4-oxo-1-p^ 

(0.53 g, 1 0 mmoJ) and 10 % Pd/C (0 3 g) in EtOH (16 mL) was stirred under a H 2 atmosphere for 20 h. The mixture 
was filtered through Ce^te®, concentrated in vacuo, and purified by chromatography [Sephadex® LH-20: CH 2 CI 2 - 
MeOH (80:20)] to give the title compound (0.35 g, 80 %) as an orange solid: mp 89 0 C (decolourises at 79 °C); I R v max 
(Nujol)/cm-"> 3268, 3072, 2923, 2854, 1650, 1626, 1567, 1506, 1463, 1435, 1384, 1337, 1250 and 826; NMR 5 H (400 

55 MHz, CDC! 3 ) 1.42 (18H, s), 1.72-1.85 (2H, m) r 2. 39 (3H, s) ; 2,50^2.61 (4H, m) f 3.22-3.32 (2H, m), 3.6-4.2 (2H, m) : 
4. 1 9-4.30 (2H, m), 6.25-6.38 (1 H, m), 6.94 (2H, s). and 7.3-7.45 (1 H, m). 
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Example 2 



[0107] 1-[2-(3,5-Di-fer^buty!-4-h^^ pyridinone (^hydro- 

chloride 
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[01 08] 3-B&nzyfoxy- 1 -[2-(3, 5-dhtert-butyl-4~hydroxybenzy!amino)ethy§ -2-methyl-4 ( 1 H)-pyridinone 



20 



25 



30 



35 



A solution of 3,5-di-ferf-butyl-4~hydroxybenzaldehyde (0.63 g : 2.7 mmoi) and 1-(2-ammoethyl)-3-benzytoxy~2-metfiyl- 
4(1H)-pyridinone [Feng eta/. J. Med. Chern. (1993) ) 36(19), 2822-7] (1.0 g, 2.7 mmof) in MeOH (14 ml) was stirred 
at room temperature for 5 min. NaCNBH 4 (0.17 g, 2.8 mmol) was added and the resulting mixture was stirred for 24 
h. Saturated NaHCG 3 was added and the mixture was extracted with CH 2 Ci 2 (x 3). The combined organic extracts 
were washed with brine, dried (MgSG 4 ), concentrated in vacuo and purified by chromatography [Si0 2 ; CH 2 Cf 2 ~MeOH 
(95:5)] to give the product (0.16 g, 13 %) as a solid foam: IR v max (Nujoiycrrr 1 3631 s 2922, 2855 3 1626, 1563, 1462, 
1378, 1250, 1217 ; 1158 and 1120; NMR5 H (400 MHz, CDCI 3 ) 1.43 (1BH, s), 2.02 (3H, s), 2.88 (2H, t, J 6.5 Hz), 3.65 
(2K s), 3.83 (2H, t, J 6.5 Hz), 5.18 (1H, s), 5.22 (2H, s), 6.40 (1H, d, J7.5 Hz), 7.06 (2H, s), 7.22-7,32 (5H, m), and 
7.37-7.43 (2H, m), 

[01 09] f~[2~(3 f 5~Di-tert-butyl-4-hydroxybenzyfamino)ethyl\ -3-hydroxy-2-methyl-4(1H)-pyridinone dihydrochloride 



40 




45 



50 



3-Benzyloxy-1-[2~(3,5-di4ert-butyl-4-hydroxybenzylamino}ethyl]-2-methyl-4(1H)-pyridinone (0.11 g, 0.24 mmol) and 
10 % Pd/C (0.12 g) in EtOH (5 ml) was stirred under a H 2 atmosphere tor 40 min. The mixture was filtered through 
Celite®, concentrated in vacuo, taken up in EtOAc:fPA and treated dropwise with 1 .0-M NCI in Et 2 0 (0.48 mL). 
[01 1 0] The acidic solution was concentrated in vacuo, taken up in CH 2 C! 2 and triturated with Et 2 €X Filtration to gave 
the title compound (0.1 g ; 96 %) as a hygroscopic off white solid: mp solid at 73 °C, appeared to foam between 78 and 
100°C; IR v max (Nujo!)/cnT 1 3632, 2921, 1633, 1509, 1461, 1377, 1344, 1240, 1217 and 1162; NMR 5 H (400 MHz, 
DMSO-d 6 ) 1.39 (18H, s), 2.56 (3H : s), 3.35*3,46 (2H, m)> 3.98-4.05 (2H, m), 4.77 (2H f t, J6.5 Hz), 7,28 (1H, d, J7.0 
Hz) : 7.33 (2H, s), S.32 (1H, d, J7.0 Hz), and 9.7-9,8 (2H. m); m/z (ES+) 387 (78%), 169(100). 



55 Example 3 



[0111] 2-{1,4-Dihydro-3-hydroxy«2-methy!~4-^^ 
2H-benzopyran-2-carboxylate 



20 
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[0112] 2-(3-Benzyioxy-1,4<fihydrQ~2-methyI-4-oxo-1-pyri& 5 3 7, 8-tetramethyf-2H- 

benzopyran-2-carboxyiata 



15 




A solution of 3,4-dihydrQ~6-hydroxy-2,5 T 7,8-tetramethyh2/Y-benzopyran-2-carboxyNc acid [Trolox^ (0 50 g, 2.0 mmol), 
20 3-benzylOKy-1-(2^hydroxyethyl)-2-methy!-4(1H)-pyndinonG[Dobbjn eta!. J, Med. Chern. (1993), 36(17), 2448-58] (0.52 
g, 2.0 rnmol), 1-ethyf^[3--(dimethy!amino)propyf]carbodiimide hydrochloride (0.38 g t 2.0 rnrnol) and DMAP (0.24 g, 
2.0 mrnol) in THF (20 ml) was stirred at room temperature for 17 h. The reaction mixture was concentrated in vacuo 
and the residue dissolved in EtOAc, washed with H 2 0 (20 mL), dried (MgS0 4 }> concentrated again in vacuoand purified 
by chromatography [Si0 2 ; CH 2 Ct>-MeOH (95:5)] to give the product (0.72 g i 73 %) as a colourless foam: mp softens 
25 over 76-80 *C; IR v max {CH 2 CI 2 )/cnr 1 3053, 2929 ; 1749, 1627, 1563, 1456, 1263, 1104 and 702; NMR 5 H (400 MHz, 
CDCI 3 ) 1 .58 (3H, s), 1.63-1.85 (1H, m), 2.06 (6H 5 s), 2.14 (3H, s), 2.20 (3H ? s), 2.31-2.40 (2H, m} 7 2.58-2.63 (1H, m), 
3.99-4.G1 (2H ; rn), 4.12-4.16 (1H, m), 4. 32-4.35 (1H, m) i 5.17 (2H, d, J 3.5 Hz) and 6.83 {1 H, d, J7.5Hz); Anal.Caicd. 
for C 29 H 33 N0 6 • 0.5 H 2 0: C, 69.58; K 6 85; N ; 2.80. Found: C, 69.89; H, 6.74: N ; 2.77. . 

[0113] 2-( 1A-Dihydro-3-hydroxy-2-methy!-4-oxo- 1 -pyridinyljethyi 3, 4 ~dihydro-6-hydroxy-2, 5, 7 7 8-tetramethyf~2H- 
so benzopyran-2-carboxyla re 



35 




40 2-(3-Benzyloxy-1 ^^dihydro^-methyl^-oxo-l-pyridinyOethyl S^-dihydro-e-hydroxy^^J^-tetramethyl^H-benzo- 
pyran-2-carboxylatc (0.70 g, 1 .43 mmol) and 10 % Pd/C (0.15 g) in MeOH (50 mL) was stirred vigorously under a H 2 
atmosphere for 30 min. The mixture was filtered through Celife®, and concentrated in vacuole* give the titta compound 
(0.094 g 5 29 %) as a pink solid: mp darkens 220 °C, melts 247-248 °C: IR v max (Nu]of)/cm^ 3353, 2924, 1741 1 1579, 
1459 : 1377, 1360, 1259, 1100 and 831: NMR 5 H (400 MHz, DMSO-cfe) 1.43 (3H, s), 1.73-1.74 (1 H, m), 1.91 (3H, s) : 

45 1 98 (3H ; s), 2.03 (3H, s) r 2 .17^2.25 (1H, m), 2.25 (3H, s), 2.43-2.53 (1 K m), 2 48 (3H, s), 4.18-4.21 (2H, m), 4.22-4.29 
(2H, m), 6.03 (1H, d, J7.S Hz) and 7 35 (1H, d, J7.7 Hz); m/z (ES+) 389 (100 %). 

Example 4 

so [0114] N-(2-(l,4-Dihydro-3-hydroxy-2-methyl-4«ox^^^ 
ethy[-2W*benzopyran-2-carboxamide 



55 
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[01 1 5] N-(2-(3-Benzyloxy- 1A<tihydro~2-methyi*4<>xo-1-pyridiny0ethy[)-3A-dih^ 7,8-tetramethyf- 
10 2H-benzopyran-2-carboxamide 



A solution of S^-dlhydro-S-hydroxy^.S J,84etramethyi-2H-benzopyran-2-carboxyhc acid [Trolox®] (2 0 g, 7.9 mmo!), 
20 l-(2-aminoethy!)-3-benzy!oxy-2-methyl-4(lH)-pyridinone {Feng et at. J. Med. Chenr (1993), 36(19), 2822-7] (2.05 g s 
7.9 mrnol), 1-ethyl-3-[3-(dimethylamino)propyl]carbodiimide hydrochloride (1.53g, 7.9 mmol) and DMAP {0,98 g, 7.9 
mmof) in THF (50 ml) was stirred at room temperature for 17 h. H 2 0 (20 mL) was added, the mixture concentrated in 
vacuo and the residue extracted with CH 2 CI 2 (2 x 20 mL). The combined extracts were dried (MgS0 4 ), concentrated 
in vacuo and the residue purified by chromatography [S\0 2 , CH 3 Ci 2 -MeOH (95:5)] to give the product (0 66 g, 17 %) 
25 as a colourless foam: mp soltens over 110-116 *C; !R v max (Nujo!)/crrf 1 2924, 1668, 1625, 1460. 1377, 1253, and 734; 
NMR S H (400 MHz, CDCi 3 ) 1.51 (3H, s), 1.76-1.85 (1H ; m) } 2.09 (3H, s), 2.10 (3H, s), 2.11 (3H, s), 2.16 (3H, s), 
2.37-2.47 (1H, m), 2.58-2.66 (1H, m), 3.23-3.29 (1H, m), 3.61-3 66 (1H, m}, 3.85-3.96 (2H, tn) 3 5.15 (2H S s), 6.29 (1H ; 
d : J 7.6 Hz), 6.64-6.65 (1H, m), 6.86 (1H, d, J 7.5 Hz) and 7.30-7.37 (5H, rn); Anal.Caicd. for C 29 H 34 N 2 0 5 • H 2 0: C, 
68.48; H, 7.13; N, 5.51. Found: C, 68.04; K 6.91; N T 4.77, 
30 [011 6] N-(2-(1,4-Dihydro-3-hydroxy-2-methyi-4-oxo- 1 -pyridinyl)ethyf) -3 } 4~dihydro-6-hydroxy-2, 5, 7 t 8-tetramethyi- 
2H-benzopyran -2-carboxamide 



40 This was prepared from N-(2-(3-benzyloxy -1,4-dihydro-2-methyi-4-oxo-1 -pyridiny^ethyl)^3.4-dihydro-6-hydfoxy- 
2 j 5 ! 7,S-tetramethyU2H-benzopyran-2-carboxamide according to the method described in Example 1 to produce the 
title compound (0.40 g, 77%) as a colourless foam: mp 114-115 °C; IR v max (Nujo!)/cirr 1 3342 : 2924, 1730, 1508:1460, 
1255 and 826; NMR 5 H (400 MHz, DMSO-d 6 ) 1.29 (3H ; s), 1.67-1.73 (1H : m)> 1.99 (3H } s)> 2.07 (3H t s), 2.25 (3H, s) ( 
2.29-2,49 (1H 3 m) ; 2.49-2.60 (1H, m), 3.35-3.41 (2H, m), 3.93-4.03 {2H ; m), 5.95 (1H, d, J7.1 Hz) t 7.15 (1H 5 d, J7.7 

45 Hz) and 7.59 {1H, t : J6.G Hz). 
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Example 5 



3-(1,4-Dihydro-3~hydroxy-2-meth^ 
benzopyran~2-yi)methylpropanamide 



[01 1 8] 3-(3-£enzy/oxy-7,4-d/77^ 7 t 8-tetramethyf~2H~ 
benzopyran-2-yi)me thylpropa namide 



This was prepared from 3 h 4-dihydro-6-hydfOxy-2 s 57,84etr^ [EP 183869] and 

3-(3-benzy!oxy-1 ( 4<iihydro-2-methyl-4<>xo»1»pyridinyl)prop^ioic acid {Dobbin et al. J. Med. Chem. (1993), 36(17), 
2448-58] according to the method described in Example 4 to give the product (0.91 g, 39 %) as a colourless foam: mp 
softens over 107-112 °C; IR v msx (Nujol)/cnv 1 3264, 2926, 2854, 1625, 1556, 1460, 1378, 1254and734; NMR5 H (400 
MHz, CDCi 3 )1.15 {3H, s), 1.69-1.73 {2H, m), 2,05 (3H : s), 2.07 (3H, s) 3 2.11 (3H, s), 2.53-2.63 (4H, m), 3,36-3.49 (2H : 
m), 4.12 (2H, I, J 6.6 Hz), 5.10 (2H, d, J 5 1.9 Hz), 6.33 (1H ( d 3 J 7.45 Hz) and 7.24-7.34 (6H, m). 
[0119] 3-( 1A-Dihydro-3-hydroxy~2-methyl-4<>xo-1-pyridinyf)-N^ 7,8-teiramethyf-2H- 
benzopyran-2-y!)methyt]propanamide 



This was prepared from 3-(3-benzyioxy-1 ^-dihydro^-methyl^-oxo-l -pyridinyl)-N-(3,4-dihydro-6-hydroxy-2,5 s 7,8-te- 
tramelhyl-2H-benzopyran-2-yl)methyl]propanamide according to the method described in Example 1 to produce the 
title compound (0.90 g, 85 %) as an off-white solid: mp 234-235 °C (dec); IR v max (Nujol)/cirr 1 3387, 321 4, 3067 1 2924, 
2854, 1657, 1628, 1568, 1509, 1463, 1 254 and 821; NMR 5 H (400 MHz, DMSOofe) 1 04 (3H, s) 3 1 57-1 61 (2H, m), 
1.96 (3H, s), 1.99 (3H, s) : 2 02 (3H, s), 2.29 {3H, s), 2.40-2.56 (2H r m), 2.59 (2H, t, J6 6 Hz) s 3.13-3.26 (2H, m), 4 14 
(2H t, J6.6Hz), 6.04 (1H, d, J7.0 Hz). 7.45 (1H, d, J7.5 Hz) and 7.99 (1H, t J6.0 Hz). 



[0120] a-Hydroxy-Ha-fe-hydroxy-a^ihydro^SJ^etram 
thyl-4(1 tf)-pyndinone 



[0117] 
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[0121] 2-[(6-Benzyloxy-3A<i'\hydro-2,5,7,8-\eiramethyh2H-ben^^ 



15 




OBn 



A solution of G-benzyloxy-S^-dihydro^.B J^-tetramethyl^^benzopyran^-melhanof [Suama et al. Aust. J. Chem. 
(1997), 50(12), 1129-1135] (3 1 g, 9.5 mmol) in DMF (30 m!_) was added dropwise to a suspension of NaH (60 % in 

20 oil 5.7 g, 1 43 mrnoi) in DMF (60 ml) at -30 *C, The mixture was stirred for 1 h at -30 °C, then a solution of iodoacelamide 
(1 .9 g, 10.5 mmoi) in DMF (20 ml) was added dropwise. The reaction mixture was then warmed to room temperature 
and stirred for 20 h. Water (5 ml) was added dropwise to the stirred mixture, then the reaction was concentrated in 
vacuo. The residue was extracted with EtOAc, and the organic phase was washed with brine, dried (MgS0 4 ), concen- 
trated in vacuo and purified by chromatography [SiCX>; CH 2 Ci 2 -EtOAc (80:20)] to give the product (1.7 g, 45 %) as a 

25 white solid; mp 100-101 °C; IR v max (CH 2 C! 2 }/cnrr 1 3473, 2928, 1690, 1455, 1413, 1373, 1256, 1119, 1088 and 699; 
NMR 5 H (400 MHz, CDCl 3 ) 1.27 (3H, s) T 1.72-1.81 (1H, m), 1.97-2.08 (1H, m) : 2.09 (3H, s), 2.18 (3H, s), 2.22 (3H, s), 
2.65 (2H, t, J7.0 HZ), 3.61 (2H, q ABs J 10.0 Hz), 4.05 (2H, q AB , J16.0 Hz), 4.69 (2H, s), 5.66-5,77 (1H, m), 6.75-6.85 
(1H ; m}, and 7.30-7.52 {5H, m); Anal. Calcd. for C 23 H 2S N0 4 : C, 72.04; H, 7.62; N, 3.65. Found: C, 71.60; H, 7.61; N, 
3.56: m/z (E3+) 384 (38 %), 293 (100). 

oo [0122] 2~[(6~Benzyfoxy-3,4-dihydro~2 l 5 t 7 t 8-tetramethyi-2H-benzopyran»2~yf)methoxy]ethyfamine 



A solution 2-l(6-benzyioxy-3 T 4-dihydro-2 f 5 J 7 ! S't8!ramethyl-'2H'benzopyran-2"yl)methoxy]acetamide (1 .6 g, 4,1 mmol) 
in THF (50 ml_) under argon was treated dropwise with BH 3 . Me 2 S (0.8 mL 8 2 mmol). The mixture was stirred and 

40 heated at reflux for 21 h. The reaction mixture was cooled, then cone. HCI (2.7 mL) was added dropwise. The mixture 
was heated at reflux for 15 min, re-cooled and then concentrated in vacuo. The residue was adjusted to pH 14 with 
2-M NaOH, then extracted with EtOAc, and the organic phase was washed with brine, dried (MgS0 4 ) ; concentrated 
in vacuo and purified by chromatography [Si0 2 ; CH 2 Cl 2 -MeOH gradient (95:5 to 80:20)] to give the product (1 .2 g, 78 
%) as a colourless oil: IR v m;4X (liquid filmyenr 1 3376 ; 2928, 2864, 1455, 1413, 1 372 ; 1257, 1110, 1089, 1062 ; 1018 

45 and 698; NMR 6 H (400 MHz : CDCJ 3 ) 1.30 (3H,s), 1 .73-1 .82 (1 H, m), 1.9-2.05(1H t m), 2.10 (3H, s), 2. 17 (3H, s), 2.22 
(3H, s), 2.61 (2H, t T J7.0 Hz), 2.75-3.0 (2H m), 3.49 (2H q AB , J 10.0 Hz), 3.5-3.62 (2H, m), 4 69 (2H, s), 7 43-7.42 
(3H, m), and 7.5 (2H, d 5 J7.0 Hz); Anal. Calcd. for C 23 H 31 N0 3 . 0.25H 2 O: C, 73.86; H, 8.49; N. 3,75. Found: C, 73.97; 
H. 8.40; N. 3.75 

roi 23] 3-Benzyioxy- 1 -[2-(6-benzy!oxy-3, 4-dihydro-2 T S, 7, S-tetramBthyi-2H-benzopyran-2-yl)meihoxy)Blhy^ -2-me- 
$o thyi-4( 1 H) -pyridinone 



35 




55 
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2-[(6'Benzytoxy-3 f 4-dihydro-2,5 J 7,8-tetramethyi-2H-benzopyran~2-yi)methoxy]ethyiamine (1 .0 g, 2.7 mmol), 3-benzy- 
loxy-2-methyl-4-pyrone [Dobbin etaL J. Med. Chem. (1993), 36(17), 2448-58] (0.9 g, 4.1 mmol) and5.0-M NaOH (1.1 
rnL ; 5.5 mmol) in EtOH (9 mL) and water (5 mL) were refluxed for 5 h. The reaction was cooled, adjusted to pH 3-4 
with 1.G-M HCI 5 concentrated in vacuo, extracted wrth CH 2 CI 2: dried (MgS0 4 ), concentrated in vacuo an& purified by 
5 chromatography [Si0 2 ; CM 2 CI 2 -MeOH (96.5:3.5)] to give the product (0.64 g : 41 %) as a brown oify foam: JR v max 
(CH 2 CI 2 )/cm- 1 2926, 2S67 ) 1628, 1574, 1455 : 1254 ; 1111, 1089 and 701; NMR 5 H (400 MHz, CDCi 3 ) 1.19 (3H, S), 
1.63-1.73 (1 H, m), 1.8-1.9 (1H, m) : 2.06 (3H, s), 2 12 (3H, S), 2.16 (3H, s), 2.21 (3H, S), 2.47-2 54 (2H, m) ; 3.41 (2H, 
q AB , J1O.0 Hz)> 3.62-3.75 (2H S m), 3.88-4.0 (2H, m), 4 67 (2H T s), 5.2 (2H S s), 6.40 (tH, d, J7.5 Hz), 7.2-7.44 (9H, m), 
and 7.49 (2H, d, J 7.5 Hz). 

10 [0124] 3™Hydroxy-1-[2-(6-hydroxy-3,4-dihydro-2 t 5, 7 } 8-t&tramethyi~2H-benzopyran-2~yi)methoxy)ethyf\~2-methyM 
(1 H) ~py rid i none 



15 




20 

This was prepared from 3-benzyloxy--142'-(6'-benzybxy-3 l 4-dihydro-2 ) 5 ! 7 ! 8-tetrarnethyl-2H-benzopyran-2'yi)methoxy) 
ethyl]-2-methyl-4(1/-/)-pyridinone according to the method described in Example 1, to produce the title compound (0.42 
g, 100%) as a white solid: mp 70-73 °C; IR v max {Nujol)/cnr 1 3190, 2923, 2855, 1627, 1575, 1509, 1463, 1377, 1350, 
1277, 1258, 1208, 1135, 1117, 1103 and 1 089; NMR S H (400 MHz, CDCI 3 ) 1.18 (3H, s), 1.60-1.70 (1H, m), 1.77-1.87 
25 (1 H, m), 2.0.5 {3H, s), 2.10 (3H, s), 2.16 (3H, s) T 2.39 (3H, s), 2.45-2.63 (2H, m), 3.42 (2H, o^b* J 10.0 Hz), 3.70-3.85 
(2H, m), 3.98-4.2 (2H, m), 3.65*4.2 (2H, br m) T 6.36 (1H, d, J 7.5 Hz), and 7.27 (1H, d, J 7.5 Hz); NMR °C (100 MHz, 
CDCIq) 11.36, 11.87, 12.1 12 29, 20.20, 21.93, 28.64, 53.38, 70.42, 74.61,77.03, 110.83, 117.15, 118.93, 121.61, 
122.28, 128.23 f 137.67, 144.93, 145.04, 145.94, and169.48; Anal. Caicd. for C 22 H 29 N0 5 • 0.5H 2 O: C, 66.65; H, 7.63; 
N, 3.53. Found: C, 66.88; H 7.65; N, 3.44; m/z (ES+) 388 (100 %), 389 (35). 

30 

Example 7 

[0125] 1-[4-(3 J 4-Dihydro-6-hydroxy-2A73-tetramethyl-^ 
2~methyi-4(1 H)-pyr\<$\none dihydrochtoride 

35 



40 




[01 26] N-(4-(tert-Butoxyca rbonyfamtno)butyl)-3 f 4 -dihydro-6- hydroxy -2, 5, 7, 8-tetramethyl-2H-b&nzopyra n-2-carbox- 
45 amide 



50 




55 



A solulion of 3 l 4-dihydro-6-hydroxy-2 + 5,7 ) 8-tetramethyl-2H-benzopyran-2-carboxy!ic acid [Troiox®] (5.0 g> 20 mmol), 
1-ethyl-3-[3-(dimethylamino)propy^]carbodiimide hydrochloride (4.0 g, 21 rnmol), hydroxybenzotriazofe (2.8 g, 21 
mmol), diisopropyfethylamine (6.7 mL, 40 mmol) and DMF (120 mL) was stirred at room temperature under argon for 
40 min. N-(ter?-butoxycarbonyl)-1 ,4-diaminobuiane (3.8 g, 20 mmol) was added as a solid. The reaction mixture was 



25 
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stirred under argon for 20 h. The reaction was concentrated in vacuo, then taken up in EtOAc, washed with water (x 
2), 1 .0-M HCI (x 2) t brine, saturated NaHC0 3 (x 2), brine, dried (MgSG 4 ) s and concentrated in vacuo. Purification by 
chromatography [Si0 2 ; CH 2 Cf 2 -MeOH (95:5)] gave the product (6.1 g } 72 %) as a white oily foam: mp 45 & C: IR v max 
(liquid film)/cm- 1 3429, 3353 ; 2978, 2932, 2869, 1667, 1526 3 1454, 1367, 1255, 1172 and 1090; NMR 5 H (400 MHz, 
5 CDCI 3 ] 1,04-1.18 (2H m), 1.25-1.39 (2H, m), 1.44 (9H. s) s 1.53 (3H, s) s 1.8-1.9 (1H, m), 2.09 (3H, s), 2.18 (3H, s), 
2.19 (3H T s) T 2.35-2.48 (1H, m), 2.49-2.65 (2H, m), 2.84-2. 99 (2R m), 3.00-3.13 (1H, m), 3.26-3.30 (1 H, m), 4 42-4.52 
(1H, m), and 6.3-6.4 (1H, m). 

[0127] N-(4-Aminobuiyf)-3A-dihydro-6-hydroxy-2,5 7 7 f 8~tetram 

10 



15 




A solution of N-{4~(terf-butoxycarbonylamh^ 

boxamide (3.4 g T 8.0 mmol) in CH 2 Ci 2 (50 ml.) was treated dropwise with trifluoroacetic acid (25 ml) and stirred at 
room temperature for 30 min. The reaction was concentrated in vacuo, then taken up in CH 2 CI £ and concentrated 

20 again. This process was repeated twice more before the residue was basified to pH 11 with 2. 0-M NaOH. The basic 
residue was extracted with EtOAc (x 3), and the combined organic phases were washed with brine, dried (MgS0 4 ), 
and concentrated in vacuo to give the product {1 .5 g, 60 %), essentially pure, as an oi! whrch eventually crystallized 
on standing: IRv msx (liquid film)/crrr 1 3428 t 3305,2933,2855, 1662, 1530 : 1453, 1373, 1258 and 1089; NMRS H (400 
MHz, CDCI3) 1 .03-1 . 1 5 (2H m), 1 .28-1 ,47 (3H, m), 1 .53 (3H, s), 1 .78-1 .90 (1 H, m), 2.08 (3H, s), 2. 1 3 (6H, s), 2.35-2.45 

25 (1H m), 2.45-2.65 (3H, m), 3.0-3.1 (1H, m), 3.3-3.37 <1H, m), 3-47 (3H, m) ; and 6.4 (1H, brt, J5.5 Hz). 
[0128] N~(4~Ammobutyi)-3A-dihydm-6~hydroxy-2,5J t 8-tetra^ 



30 




35 a solution of N-(4-aminobutyl)-3 ) 4-dihydro-6-hydroxy-2,5,7 i 8-tetramethyl~2H-benzopyran-2-carboxamjde (1.5 g, 4.1 
mmol) in THF (60 ml) under argon was treated dropwise with 1 .0-M LiAIH 4 in THF (30 ml). The mixture was stirred 
and heated at reflux for 72 h. The reaction mixture was cooled then quenched by adding water (1.14 mL), 1 .0-M NaOH 
(3.4 ml} and water (1 .14 mL) sequentially dropwise. The mixture was stirred for 2 h, filtered and then concentrated in 
vacuo to give the crude product (0.8 g, approx. 57 %) as an oil. This was used in the next reaction without further 

40 purification: IR v max (liquid film )/ctrr 1 3357, 2932, 2864, 1162, 1528, 1456, 1377, 1259, 1089 and 1061. 

[01 29] 3-Benzytoxy- 1 [4 (3,4 ~dihydro-6-hydroxy-2 t 5, 7,8-te tramethyi-2H-be nzopyra n-2-y()m ethylamino)buty{\ -2-me - 
thyl-4( 1 H)"pyridinon& 



45 




This was prepared from N-(4-aminobutyt)-3 5 4-dihydro-6-hydroxy~2 J 5T } 8-tetramethyl-2H-ben2opyran-2-methy!aniine 
according to the method described in Example 6, to produce the product (0.29 g s 21 %) as a sticky brown foam: NMR 
S H (400 MHz, CDGI3) 1.26 (3H, s), 1.39-1.52 (2H, m), 1.6-1.8 (3H, m) : 1,90-2.04 (1H. m), 2.06 (3H 7 s) 5 2.07 (3H, s) t 
2.12 (3H, s), 2.16 (3H, s}, 2.58-2.78 (6H, m), 3.74 (2H, t, J7.5 Hz), 5.2 (2H, s), 6.4 (1 H, d, J7.S Hz), 7.15 (1 H, d, J7.5 
55 Hz) : and 7.23-7.42 (6H, m); m/z (ES+) 507 (42 %), 506 (100). 
[0130] 1-f4-(3 f 4'Dihydm-6-hydroxy-2 r S r 7 r 8-tetramethy^ 
thyl-4( 1H)-pyridinone dihydrochioride 
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This was prepared From 3-benzyloxy-1 -[4-(3,4-dihydro-6-hydfoxy-2,5 J34e!rameihy!-2H-benzopyran-2-y])methylami- 
no}butyi]-2-methyk4(1 ftypyridinone according to the method described in Example 2, to produce the title compound 
10 (en g_ 96 %) as a hygroscopic buff coloured solid: mp darkens and decomposes, then appears to melt above 150 
nc ; IR v max (Nujoiycm- 1 3347, 2934, 1632, 1508, 1461, 1377, 1341, 1258, 1168, 1088 and 1033; NMR 5 H (400 MHz, 
DMSO-ofe) 1.24 (3K s) ; 162-1.95 (6H, m), 2.01 {3H, s), 2.03 (3H, s) 3 2.06 (3H 7 s), 2 55 (3K s), 2.5-3.2 (6H S m), 4.36 
(2H, br t, J 6.5 Hz), 7.30 (1H, d, J7.0 Hz), 8.27 (1H : d, J7,0 Hz), and 8.8-9.0 (2H, rn); m/z (ES+) 415 (100 %), 290 
(28), Anal.Calcd. for C 24 H 54 N 2 0 4 2HCI -3H 2 0: C, 53.23; H, 7.82; N, 5.17. Found: C, 52.82; H, 7.78; N, 4.80. 

Example 8 

[0131] N-(2-{1,4-Dthydro«3-hydroxy-2-methy^ 
benzofuran-2-acetamide 

20 



25 




[01 32] N~(2-(3~Benzyfoxy- 1 4-dihydro~2<-methyI-4 -oxo- 1 -pyridiny!)ethyI)~2 r 3-dihydro-5-hydroxy-4 t S 7 7-trimethyfben- 
30 zofuran-2-acetamide 



35 




40 This was prepared from 2 l 3-dihydro-5-hydroxy-4,6 } 7-irimethylbenzofuran 2"ethanoic acid fCeccarefli et at. J. Hetero- 
cyci. Chem. (1993), 30(3), 679-90j and 1 "(2»aminoethyi)-3-benzyIoxy~2™methyi"4(1 H)-pyfidinone [Feng et ai J. Med. 
Cherry (1993), 36(19), 2822-7] according to the method described in Example 4 to give the product (0.19 g, 17 %) as 
a paie-yellow foam: mp softens over 104-105 & C; IR v max {Nujol)/cnrr 1 3245 T 2922, 1625 f 1552, 1462, 1 37S : 1249, 
1075 and 752; NMR S H (400 fv!Hz ; CDCI 3 ) 1.99 (3H, s), 2.05 (3H, s), 2.18 {3H, s) ; 2.60-2.81 (4H, m), 3.07-3.13 (1H 5 

45 m ) ; 3.41-3.42 (2H, rn), 3.97 (2H : rn} ; 4 99 {2H, s), 4.88-5.16 (1H t m), 6 39 (1H, d, J70 Hz), 7.24-7.39 (6H, m), and 
8.37 (1H,m) 

[01 33] N~(2-( h4-Dihydro-3-hydroxy-2-methyt-4-oxo-1-pyndinyi)ethyl^ 7-trimethylbenzo- 
furan-2-acetamide 



55 




This was prepared from N-(2-(3-Benzyioxy-1 ,4-dihydro-2-methyl-4-oxo-1-pyridinyl)ethyl)-2 ; 3-dihydro-5«hydroxy- 
4,6,7-trimethylbenzof uran-2-acetamide according to the method described in Example 1 to give the title compound 
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(0.35 g, 94 %} as a pink foam: mp darkens 96 °C, maris 130-131 °C; !R v max (Nujoiycnrr 1 3253, 2924, 1628, 1553, 
1462 : 1378, 1240 and 1075; NMR 8 H (400 MHz, DMSOcfe) 2,29 (3H, s), 3.36 (1H; dd, J 14.7, 6.5), 2.55 (1H, dd, J 
14.4, 6.3 Hz),2.69 (1 H, dd, J16.1 , 7.5 Hz) f 3.12 {1 H, dd, J15.7, 8 6 Hz) s 3,28-3.40 (2H 5 m), 3.95-3 98 (2H, m) s 4.86-4.93 
(1H m), 6.06 (1H, d, J6.9 Hz), 7.42 (1H, d, J 7.3 Hz) and 8.14-8.16 (1H ; m). 

Example 9 

[0134] 2-(1 T 4'Dihydro«3»hydroxy-2-methyl-4-oxo-1-pyridinyf)ethyl 2 ? 3-dihydro"5-hydroxy-4 T 6 f 7-trimethyrben- 
zofuran-2-acetate 

w 



15 




[01 35] 2-(3-Benzyloxy-1 A-dihydro-2-methyf-4-oxo-1 ~pyridinyf)ethyi 2 i 3-dihydro-5-hydroxy~4 r 6, 7-trimethyfbenzo- 
20 furan-2-aceiate 



25 




so This was prepared from 2-(2,3-dihydro-5-hydroxy-4 l 6,74rimethyIbenzofuran-2-yl)ethanoic acid and 1 -(2 -hydroxy e- 
thyi)-3-benzyloxy-2-methy l-4{1 H)-pyridinone according to the method described in Example 3 to give the product^ .56 
g 5 52 %) as a light brown foam: mp softens and darkens over 75-80 °C; [R v max (Nujol}/cnr 7 2924, 1740, 1626, 1562, 
1462, 1378, 1241 and 723; NMR 5 H (400 MHz, CDCS 3 ) 2.06 (3H, s), 2.12 (6H. s), 2.18 (3H, s) : 2.64 (1H, dd, J 15.9 
H2.5.9H2), 2.78 (1H, dd J 16.0, 7.4 Hz), 3.29(1H : dti ; J 14.9, 9.0 Hz), 4.14-4.1 7 {1 H, m), 4.27-4.36 (2H, m), 5.02-5.05 

35 (1H, m), 5.20 (2H> s), 5.72 (1 H } br s) and 7.27-7.45 (6H, m). 

[01 36] 2-(1 ? 4-Dihydro-3-hydroxy~2~mGthyf-4~oxo~1 -pyridinyf)ethyi 2 i 3-dihydro-5-hydroxy-4 f 6, 7-trimethyfbenzofumn- 
2-acetate 



40 



45 




This was prepared from 2-(3-benzyloxy-1 ,4-dihydro-2-methyl-4-oxo-1-pyridinyl)eihyl 2,3~dihydro-5-hydroxy-4 1 6,7-tri- 
methylbenzofuran-2-acetate according to the method described in Example 1 to give the title compound (0.58 g, 51 
%) as a pale-brown foam: IR v may {Nujoiycnv 1 2924, 1739, 1626, 1572, 1461, 1241, and 826: NMR 5 H (400 MHz, 
so DMSO-cfe) 2.01 (3H, s), 2.00 (3H, s), 1 93 (3H, s), 2.30 (3H, s), 2,69-2.73 (3H, m), 3 16 (1H ( dd, J 15.7, 8.9 Hz), 
4.16-4.25 (2H, m), 4.30-4.38 (2H : m) 4.87-4.94 (1H, pent, J7.0 Hz), 6.07 (1 H : d, J7.4 Hz) and 7.54 (1H, d, J7.2 Hz); 
Anal.Calcd. for C 21 H 25 NO G - 0.25 H 2 0: C, 64.35: H, 6.56; N, 3.57 Found: C, 64.44; H : 6.45; N, 3.42. 

Example 10 

55 

[0137] 2-(2 1 3-Dihydro-5-hydroxy-4 > 6,7-trimethylbenzofuran~2-yl)ethyl 3-{1 f 4-dihydro-3-hydroxy-2~methyl- 
4-oxo-1-pyridinyl)propanoate 



2S 
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[01 36] 2-(2,3-Dthydro-5~hydroxy-4,6 7 7~trimethylbenzofuran-2-yl)ethyl 3-(3-benzyloxy-1^<fihydro~2-methyl-4-oxo- 
1 -pyridtnyf)propanoate 



15 




This was prepared from 2-{2 f 3-dihydfo-5-hydroxy-4 + 674rimethy!berizofyran-2-y!)ethanol and 3-(3-benzyloxy-1,4-di- 
hydro-2-methyi»4»oxO"1-pyridinyl)propanoic acid according to the method described in Example 4 fo give the product 
(l.2g T 41 %) as a pale-brown foam: IRv max {Nujol)/cm^ 2923, 1731, 1625, 1461, 1377, 1239 and 1073; NMR <> H (400 
MHz, CDC! 3 ) 1. 93-2.03 (2H, m), 2.06 (3H, s), 2.09 (3H s), 2.10 (3H, s), 2.11 (3H S s), 2.62 (2H, t r J7.2 Hz), 2^73 (1H, 
2S dd, J 15.2 Hz, 7.0 Hz), 3.03-3.34 (1H, m), 4.07 (1H, t, J 6.9 Hz), 4.29 (2H, t, J7.G Hz), 4.59-4.83 {1 H, m), 5,18 (2H, 
s) T 6,41 (1 H, d, J 7.5 Hz) and 7.24-7.38 (6H, m). 

[01 39] 2~(2,3-Dihydro-5-hydroxy-4 r 6, 7'trimelhylbenzofuran-2-yf)ethyf 3-(1 t 4~dihydro~3-hydroxy~2-methyI-4-oxo- 
1 ~pyridinyl)propanoate 

30 



35 




This was prepared from 2-(2 J 3-dihydro~5"hydroxy-4 t 6 ( 7-trimethylbenzofuran-2-yl)ethyl 3-(3-benzyloxy-1 ,4-dihydro- 
2-methyl-4-oxo-1-pyridinyl)propanoa.te according to the method described in Example 1 to give the title compound 
40 (0.83 g, S5 %) as an off-white foam: mp softens over 65-70 °C; IR v max (Nujoi)/cnrr 1 2922, 1731 , 1572, 1461, 1240, 
1073and 826; NMR S N (400 MHz, DMSO-cfe) 1.89-1.97 (1H, m), 1,97 (3H, s) ( 2.02 (6H, s), 2.30 (3H. s), 2.72 (1H, dd, 
J 14.9, 6.9 Hz), 2.79 (2H, t, J7.1 Hz), 3,16 (1H, dd, J 15.8, 9.2 Hz), 4.17-4.21 (4K m), 4.68-4.71 (1H, m), 6.09 (1H, 
d, J7.6 Hz) and 7.56 (1H 5 d, J 7.3 Hz) 

45 Example 11 

[01 40] N»(3»(3 5 S-Di-fert-butyl-4-hydroxyphenyl)propyl)-2»(1 ,2-dihydro-3»hydroxy-2-oxo-1 -pyridinyi)aceta- 
mide 

so 



55 
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[01 41 ] 2-(3-Benzy!oxy-1 f 2<Jihydro-2<)xo-1-pyridinyf)-N-(3-(3 f 5 



BnO 



HO 



OH 




This is prepared from succinimidyi 3-(3-benzy1oxy-1 ,2-dihydro-2-oxo-1-pyr?d!nyl)acetate [Streater etaL J. Med. Chem. 
(1 990) ; 33(6), 1 749-1 755] and 3-(3,5-di-te^butyl-4-hydroxyphenyl)propy lamine [NL7905000] according to the method 
described in Example 1 to give the product. 

[0 1 42] N-(3-(3, 5 -Di-tQrt-butyi-4 -hydroxypheny/)propy/)-2-( 1 , 2-dihydro-3-hydroxy-2-oxo- 1 -pyridmytjacetamide 



20 



HO 




This is prepared from 2-(3-benzyloxy-1 ^-dihydro^-oxo-l-pyndiriyn-N-CS-ta^-di-tert-butyl^-hydfoxyphenyOpropy!) 
2S acetamide according to the method described in Example 1 to give the title compound. 

Example 12 

[0143] N,N , -Bls-(2K1 } 4-dihydro-3-hydroxy-2-methyi-4-oxo-1-pyridinyl)ethyl^ 
30 benzyl)maionamide 



35 



40 




45 [0144] Dimethyl 2-(3 } 5-di-tGri-butyl-4-hydroxybenzyI)matonate 



50 




A suspension of hexane-washed NaH (2.91 g of 60 % dispersion in mineral oil, 73 mmoi) in a mixture of THF (80 mL) 
and DMF (30 mL) is cooled to 0 °C under Ar and treated dropwise with dimethyl malonate {7.9 mL, 69 mrnof). After a 
further 10 min at 20 °C, a solution of 3,5-di-ferf-butyl-4-hydroxybenzyl bromide (69 romol) in a mixture of THE (20 mL) 
and DMF (20 mL) is added, and the mixture is heated under gentle reflux for 1 h. The reaction is then poured into brine, 
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extracted with EtOAc and concentrated in vacuo, Kugelrohr distillation at 130 °C (20mm Hg) is used to remove unre- 
acted dimethyl malonate. The residue is purified by chromatography [Si0 2 ; EtOAc-Hexane] to give the product. 
[01 45] 2~(3 f 5-Di-tert-butyi-4-hydroxybenzyJ)ma!onic acid 



10 




A solution of dimethyl 2-(3 T 5-di-tert-butyi-4- hydroxyben2yi)mafonate {50.0 mmol) in a mixture of THF (SO mL) and water 
(30 mL) is treated with NaOH (130 mmol). After stirring at room temperature for 24 h the reaction is then concentrated 
in vacuo. The residue is acidified to pH 1-2 ; and the aqueous phase is extracted with EtOAc. The organic layer is 
washed with brine, dried (MgS0 4 ) ; and purified by chromatography [Si0 2 ; EtOAc-Hexane] to give the product 
[0146] N,N'-Bjs~(2~(3'benzyfoxy-1A-dibydro-2-mQthyl^-oxo-1-py 
mafonamide 



25 



30 




O 



This is prepared from 2-(3 ] 5-di-tert-butyl-4-hydroxybenzyl)ma!onic acid and two equivalents of 1 -(2-aminoethyi)-3-ben- 
zyloxy-2-methyl-4(1^-pyridinone [Feng et af. J. Med. Chem. (1993), 36(19), 2822-7] according to the method de- 
35 scribed in Example 4 to give the product. 

[0147] N,N'-Bis-(2-(1A<lihydro-3-hydroxy-2-methyl-4^xo 
mafonamide 



40 



45 



50 




This is prepared from N,N-bis-(2-(3-benzyloxy-1 ^-dihydro^-methyl^-oxo-l-pyndinyOethyO^^S.S-di-tert-butyl^-hy- 
droxybenzyi)malonamide according to the method described in Example 1 to produce the title compound. 

55 Example 13 

[01 48] 1 -(IB^a.B-Di-fart-butyM-hydroxyphenyO-S^^jl 24etraoxapentadecy1)-3-hydroxy-2-methyI»4(1 H)-py- 
r Id I none 
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[01 49] 3-(3, 5-Qi-[ert-butyl-4-hydroxphenyl)propyt methanesuiphonate 



15 




A solution of 3~{3,5-di-fe^butyl-4-hydroxyphenyl)propanoi [A. W. White and R. S. Beavers; US 4910286] (9.8 g, 37 
50 mmol) in 0H s CI 2 (200 ml_) at room temperature was treated sequentially with Et 3 N (10.3 ml T 74 mmol) and a solution 
of rnethanesulphonyl chloride (2.9 mL, 37 mmol) in CH 2 CI 2 {50 ml_) dropwise. The resulting mixture was stirred for 0,5 
h 5 then washed with 1.0-M HGI, followed by brine. The organic layer was then dried (MgS0 4 ) and conoentrated in 
vacuo to give the crude product. Trituration with Et 2 0 gave the product (7.5 g, 59 %), essentially pure as a pale yellow 
solid: mp 113-113.5 °C; IRv max (Nujo!)/crn^ 3592,2925,2855, 1459, 1437, 1349, 1171, 1140, 972 : 942 : 847 and 533; 
25 NMR $ H (400 MHz, CDCI 3 ) 1.43 (18H, s), 2.01-2.0S (2H, m), 2 65 (2H, t, J 7.5 Hz), 3.00 (3H, s), 4.25 (2H, t, J6.5 Hz), 
5.09 (1K s), and 7.02 {2H, s). 
[0150] 4-(3-lodopropyi)~2, 6-di-tert-butylphenot 



30 



35 




A solution of 3-(3,5-di-tot-butyl-4-hydroxyphenyl)propyl methanesuiphonate (7.3 g ; 21 mmol) in acetone (214 mL) at 
room temperature was treated with Nal (6.4 g, 43 mmol) and K 2 C0 3 (0.3 g, 2.1 mmol). The reaction mixture was 
refluxed for 6.5 h, then filtered to remove the precipitate. The filtrate was reduced in vacuo, taken up in EtOAc and 
40 washed with water dried (MgS0 4 ), reduced in vacuo and then purified by chromatography [Si0 2 ; Heptane-EtOAc 
gradient (1 00:0 to 95:5)] to give the product (7.3 g, 91 %) as a yellow solid: mp 76 5 C; IR v max (Nujoiycrrr 1 3644, 361 9, 
2924 : 2S56 : 1457, 1434, 1377, 1380, 1229, 1213, 1168, 877 and 787; NMR S H (400 MHz, CDCI 3 ) 1.43 (18H, s), 
2.04-2.13 (2H 3 m), 2.63 (2H, t, J7.5 Hz), 3.19 (2H, t 3 J7.0 Hz), 5.07 (1H : s), and 6.98 (2H, s). 
[01 51 ] iert-Butyl 2, 6-di-tert-butyi-4-(3-iodopropyf)pheny! carbonate 

45 



4- 



50 




A solution of 4-{3-iodopropyi)-2 ! 6-di-terf-butyfphenof (3.0 g, 8.0 mmof), di-ferf-butyl dicarbonate (2.7 g, 1 2.4 mmol) and 
4-dimethylaminopyridine (50 mg, 0.4 mmol) in heptane (20 mL) was stirred at room temperature overnight. EtOAc was 
added and the resulting solution was washed with 1 0-M HCI, then brine. The organic layer was dried (Na a 30 4 ) then 
reduced in vacuo to afford the product {3.4 g s 89%) as a brown oil which crystallises over time. This was used in the 
subsequent reaction without further purification: IR v max {liquid filmycrrr 1 2956, 2873, 1757, 1367, 1256, 1212, 1154, 
1113, 1047, 890, 782 and 733; NMR 5 H (400 MHz, CDCI 3 ) 1.36 (18H, s) 1 1.52 (9H, s), 2.09 (2K pent, J8.0 Hz), 2.67 
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(2H, t, J 8.0 Hz), 3.20 (2H, t, J 8.0 Hz). 7.10 (2H, s). 

teri-Butyi 2, 6-di-tert-butyl-4-(15-hydroxy~4, 7,10,1 3-tetraoxapentadecyl)phenyf carbonate 



5 




OBoc 



HO 



10 



Tetraethylene glycol (3.3 g, 17.3 mmo!) was added dropwise to a suspension of NaH (60 % in oil, 300 mg, 7.5 mmoi) 
in DMF (15 ml) at O^C. The mixture was stirred for 30 min at room temperature then a DMF (8 mL) solution of iert- 
butyl 2 ! 6-di-^"butyf-4-(3-iodopropyi)phenyi carbonate (3.3 g, 6.9 mmol) was added dropwise. The resulting solution 

is was heated to 90°C for 1.5 h. After cooling, the reaction mixture was poured into water (50 mL) and extracted with 
EtOAc (2 x 25 mL). The organic layer was washed with brine (2 x 30 mL), dried (Na 2 S0 4 ) then reduced in vacuo and 
purified by chromatography [Si0 2 ; gradient EtOAc: acetone (100:0 to 85:15) ] to afford the product (1 .39 g, 37 %) as 
a yellow oil: IR Vrnax (liquid filmj/cmr 1 3460 r 2956, 2871, 1757, 1368, 1274, 1257, 1213, 1155, 1114, 891 and 783; NMR 
3 H (400 MHz, CDCI 3 ) 1.36 (1SH, s), 1.52 (9R s), 1.90 (2H, pent, J8.0 Hz), 2,62 (2H f t, J 8.0 Hz), 3.50 (2H, t, J8.0 

20 Hz) : 3.60-3,70 (16H, m), 7.08 (2H, s); m/z (CI, NH 3 ) (MNH 4 + ) 559 (100%), (MH+) 542 (10), 502 (35). Early fractions 
from the column contained the elimination productions of HI from starting iodide) ferf-butyl~[2 1 6-di-fert-butyl-4-(2-pro- 
penyl)] phenylcarbonate as an orange oil (700 mg, 29%): NMR 5 H (400 MHz, CDCI 3 ) 1 .37 (18H, s), 1 .55 (9H, s) : 3.35 
(2K d, J6.8 Hz) ; 5.08 (1H, m)> 5.99 (2H, m) : 7.12 (2H, s); m/z (Cl ( NH 3 ) (MNH 4 -) 364 (100%). 
tert-Buty! 2 ? 6~dt-tert-butyi-4-(15-methanesuiphonyf-4, 7, 1 0, 1 SAetraoxapentadecyi) phenyl carbonate 



A solution of terf-butyl 2 ; 6-di-rarf-butyi-4-(15-hydroxy-4,7,10 : 13-tetraoxapentadecyl)phenyl carbonate (1.39 2.6 
■35 mmol) in CH 2 CI 2 (10 mL) at room temperature was treated dropwise with Et 3 N (840 ui_ : 6.0 mrnol) then rnethanesuipho- 
nyl chloride (240 juL, 3.12 mmol). The resulting mixture was stirred for 1 h, then diluted with CH 2 Gi 2 (20 ml) and washed 
with 1 .0-M HC\, then brine. The organic layer was dried (Na 2 S0 4 ) and reduced in vacuo to afford the product (1.54 g, 
97 % } as an orange oil: !R v max (Hquid film)/cm' 1 2960, 2871, 1756, 1598 : 1455, 1354, 1274, 1175, 1155, 1114 and 
922; NMR 5 H (400 MHz, CDC! 3 ) 1.36 (16H, s), 1.54 (9H, s} ; 1 .90 (2H, pent, JB.O Hz), 2.62 (2H S t, JB.O Hz), 3.07 (3H, 
40 S ), 3.50 (2H, t, J8.0 Hz), 3.60 (2H, m), 3.66 (10H, m), 3.76 (2H. ( m) T 4.38 (2H, m) 3 7.15 (2H, s). 
tert-Butyi 2 } 6-di-tert-butyt-4-(15-azido-4 f 7 ! 10, 13tetraoxapentadecyf)phonyf carbonate 



so a suspension of tert-butyl 2 ; 6-di-fer!-buty]-4"(15-methanesulphonyl-4 ! 7 ! 10 f 13-tetraoxapentadecyl)phenyl carbonate 
(1.54 g, 2.5 mmol) and NaN 3 (370 mg, 6.0 mmo!) in DMF (10 mL) was heated to 90°C for 17 h. After cooling, the 
reaction mixture was poured into EtOAc (30 mL) and washed with water (3 x 30 mL), dried (Na 2 S0 4 ) then concentrated 
in vacuoto give the product (1.3 g, 92 % ) as an orange oil: IR v max (liquid filmycirr 1 2958, 2869, 2104 ; 1757, 1599, 
1368, 1274, 1154, 1114, 891 and 783: NMR 5 H (400 MHz, CDCy 1.36 (18H, s), 1.51 (9H, s), 1.88 (2H } pent, J8.0 

55 Hz). 2.S2 (2H, t, J8.0 Hz), 3.37 (2H, t : J6,0 Hz), 3.49 (2H, t, J6.0 Hz), 3.60 (2H, m), 3.66 (12H, m), 7.09 (2H, s). 
tort-Butyl 2 ) 6-di-iert-butyl-4-(15-amtno-4, 7, 10, 13~ietraoxapentadecyl)phenyi carbonate 



25 



30 




45 
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A suspension of fe/t-butyl 2 ; 6-di-re/?-butyj-4-(15-azido-4,7,1Q,1 3-tetraoxapentadecyi)phenyl carbonate (1.3 g : 2.3 
mmol) and Pt0 2 (300 mg) in EtOH (20mL) was stirred under a H 2 atmosphere tor 24 h. The solution was filtered and 
concentrated to give the product (1 .2 g, 97 % ) as a brown oil: IR v max (CDCi 3 smear)/crrr 1 3441, 2961, 2672, 1757, 
1599, 1456 : 1368, 1274, 1257, 1154, 1114 and 891; NMR 5 H (400 MHz, CDCI 3 ) 1.35 (18H, s) ; 1.51 (9H, s), 1.89 (2K 
m), 2.62 (2H t t, J 7.5 Hz} ; 2.87 (2H, t, J 5.5 Hz), 3.52 (2H : m). 3.67 (14H, m), 7.09 (2H, s); m/z (ES+) 540 (100%). 
tert-Butyl 4-{ 15-(3-benzytoxy- 1A~dihydro-2-methyi-4-oxo-1-pyridinyl)~4> 7 } 10, 13-tetraoxapentadecyl)-2 3 6-di-tert-butyf- 
phenyf carbonate 




This was prepared from te/?~butyl 2,6-di-fert-butyl-4-(15-amino-4,7 f 10,134etraoxapentadecyl)phenyl carbonate ac- 
cording to the method described rn Example 6 to give the product { 300 mg : 17 %) as an orange oil: IRv ma>{ (filmycrrr 1 
2925, 1755, 1627, 1564, 1368, 1274, 1256, 1154, 1114 ? and733: NMR 5 H (400 MHz, CDCI 3 ) 1.36 (18H, s), 1.52 (9H, 
s), 1.88 (2H, m) 2.12 (3H, s), 2.62 (2H, t, J8 Hz), 3.4-3.7 (16H, m), 3.92 (2H, t : Hz), 5.21 (2H S s), 6.49 (1H, d, J 
1 Hz), 7.09 (2H, s} 7 7.28-7.42 (6H, m); m/z (ES+) 738 {100%). 

teri-Butyi 4-(15-( lA-djhydro~3~hydroxy-2-methyf-4-oxo-1-pyridmy!)-4 r 7, 1 0, 1 3-tetraoxapentadecyt)-2, 6-di-tort-butyi- 
phenyl carbonate 



35 




40 

This was prepared from tert buiyl 4-(15~{3-benzyioxy-1 : 4-dihydrG-2-methyl-4-oxo-1-pyridinyl)-4 ,7,10,1 3-tetraoxapen- 
tadecy[)-2,6-d]-fsrf-butylphenyi carbonate according to the method described in Example 1 . Column chromatography 
[Si0 2 ; CH 2 CI 2 : MeOH (55:5) ] gave the product (130 mg, -49 %) as an orange oil This product contained a small 
amount of material resulting from additional loss of the Boc protecting group. As this impurity was the ultimate product 
45 required in the next step the material was used without further purification IRv max {fffm)/crrr 1 2957, 2871 , 1752, 1627, 
1579, 1367, 1274, 1236, 1153 and 1114; NMR 5 H (400 MHz, CDC1 3 ) 1.36 (18H, s), 1.52 (9H, s), 1 .88 (2H, m), 2 12 
(3H s), 2.62 (2H, t, JQ Hz), 3.4-3.7 (16H, m), 3.92 (2H, t, J5Hz), 6.49 (1H, d, J 6.5 Hz), 709 (2H, &), 7.43 (1H, m); 
m/z (ES+) 648 (100%). 

1 -( 1 5-(3 : 5-Di-iert-buty\-4~hydroxypher)y\)-3 r 6 7 9 y 1 2-tetraoxapentadecyl) -3-hydroxy-2-methyl-4{ 1 H)-pyridinone 

50 



55 
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A solution of ferf-butyl 4~(1 5-{1 ^-dihydro-S-hydroxy^-methyM-oxo-l -pyridinyl)-4 ( 7,1 0, 1 3-tetraoxapenfcadecyl)-2 t 6-df- 
feif-butylphenyl carbonate (130 mg, 0.2 mmol) in CH 2 Ci 2 {15 ml) was treated with TFA (0.3 ml) and stirred at room 
temperature for 4 h. The reaction mixture was poured into CH 2 C! 2 (1 5 mL), washed cautiously with a saturated K 2 C0 3 
solution, dried (Na 2 S0 4 ) then concentrated in vacuo to give the title compound (95 mg, 86 % ) as a pink oiL !R v max 
5 (filmj/cm- 1 3442, 2924, 2870, 1633 ; 1507, 1457, 1436, 1384 and 1145: NMR 5 H (400 MHz, CDCI 3 ) 1.41 (16h f s), 1 87 
(2H, m) 3 2,42 (3H, s), 2,56 (2H, t, JS Hz), 3.48 (2H, t, J8 Hz), 3.5-3.75 (14H, m), 4.10 (2H, m) ( 6.52 (1H, d, J6.5 Hz), 
6.96 (2H, &), 7.39 (1H : d, J 6.5 Hz) ; m/z (ES+) 548 (100%). 

Example 14 

10 

[0152] M18-(3,5-Di-te^butyh4-h^^ 
pyndmone 



15 



20 




ten-Butyl 2, 6-di-tert-butyl-4-(18-hydroxy-4, 7,10, 13, 16-pentaoxaoctadecyi)phenyf carbonate 



30 




This was prepared from pentaethylene giycol according to the method described in Example 13 to give the product 
(2.40 g, 41 %) as an orange oil: IR v max (liquid film)/crrr 1 3426, 2920, 2872, 1779, 1757, 1456, 1358, 1274, 1257, 1155, 
35 1114 and 891; NMR 6 H (400 MHz, CDCI 3 ) 1.34 (18H, s), 1.52 (9H, s), 1.88 (2H : pent, J8.0 Hz), 2.61 (2H , t : J 8.0 Hz), 
3.49 (2H, L, J 8.0 Hz) 5 3.58-3.72 (20H, m), 7.09 (2H 7 s); m/z (01 NH 3 ) (MNH 4 + ) 603 (100%). 
tert-Butyl 2, 6-di-tert-butyf-4-(18-methanesuIphonyl-4 f 7, 10,13, 1 6-pentaoxaocladecyi) phenyl carbonate 



45 




This was prepared from ferf-butyl 2,6-dt-te^-butyl-4-(18-hydroxy-4 T 7,l0,13 l 16-pentaoxaoctadecyl)phenyl carbonate 
according io the method described in Example 1 3 to give the product (2.30 g, 85%) as an orange oil: IR v rnax (liquid 
filmj/cm- 1 2914, 2873, 1756. 1456, 1352, 1276. 1155. 1114 and 922: NMR S H (400 MHz, CDCy 1.35 (18H, s), 1.54 
so (9H s), 1.90 (2H, pent, J S O Hz} f 2.62 (2H, t J 8.0 Hz) T 3.07 (3H, s), 3.51 (2K t, J6.0 Hz), 3.61 (16H, m), 3.76 (2H, 
m), 4.39 (2H, m), 7.09 (2H, s). 

ten-Butyl 2 / 6-di-tert-butyl-4-(18-aztdo~4,7,19,13-pentaoxaoctadecy!}phenyi carbonate 



35 
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OBoc 



10 



15 



This was prepared from fe/t-butyi 2 r 6-di-re/?-butyi-4-{18-methane^ 

carbonate according to the method described in Example 13 io give the product (1 .93 g, 92 % ) as an orange oil; tR 
v max (liquid fUmycm" 1 2920, 2870, 2106, 1757, 1457, 1395, 1368, 1275, 1154 and 1114 : NMR 8 H (400 MHz, CDCI 3 ) 
1.37 (18H $). 1.52 (9H, s), 1.91 (2H, pent, J 8.0 Hz), 2.62 (2H, t, JB.O Hz), 3.38 (2H, t t JS.O Hz), 3.49 (2H t J 6 0 
Hz) ; 3.60 (2H, m), 3.66 (16H, m), 7.09 (2H : s), 

tort-Butyl 2, 6-di-tert-buiyt~4~(18-amino-4, 7, 10, 13, 16-pentaoxaoctadQcyi)phQnyl carbonate 



20 




OBoc 



£5 



30 



This was prepared from fert-butyl 2,6~di~/erf-butyi-4-(18-azido-4,7 : 10 i 1 3~pentaoxaoctadecyl)phenyi carbonate ac- 
cording to the method described in Example 13 to give the product (1.8 g, 98 % ) as a brown oil: IR v max (fifm)/cFrr 1 
3374, 2952, 2870, 1757, 1368, 1274, 1257, 11 55 and 1114; NMR 5 H (400 MHz, CDCi 3 ) 1.35 {18H, s), 1.51 (9H, s), 
1.89 (2H, m), 2.62 (2H : t s J7.5 Hz), 2.91 (2H, t, J5.5 Hz}, 3.51 (2H 3 m), 3.67 (18 H, m) } 7.09 (2H, s); m/z (ES+) 584 
(50%), 484 (100), 

tert-Butyi 4-(18-(3~benzyioxy-1 } 4-dihydro-2-methyl-4-oxo-1-pyridinyl)-4 f 7, 10 f 13, 16-pentaoxaoctadecyi)-2_,6-di-tert- 
butyfphenyl carbonate 



35 




OBoc 



40 



45 



This was prepared from tert -butyl 2,6-di^art"butyl-4-(18-arnino-4,7,10,13,16-pentaoxaoctadecyi)phenyl carbonate ac- 
cording to the method described in Example 6 to give the product (270 mg : 11 %) as an orange oil: IB v max (filmy/crrr 1 
3063, 2954, 2870, 1756, 1628, 1566, 1367, 1274, 1256, 1154, 1114 and 753; NMR 5 H (400 MHz, CDCI 3 ) 1.36 (18H, s), 
1.53 (9H, s), 1 .88 (2H, m), 2.16 (3H> s), 2.62 (2K t, J8 Hz), 3.4 -3.7 (20H, m), 3 98 (2H, m)> 5.24 (2H, s), 7.09 (2H, s), 
7.34-7.45 (7H t m); m/z (ES+) 783 (100%). 727 (10). 

tort-Butyl 4-( 18-( 1 A-dihydro-3-hydroxy~2-methyf-4-oxo-1 -pyridinyl)-4 ] 7, 10, 13 f 16-pentaoxaoctadecyf)-2,6-df-tert-butyf- 
phenyf carbonate 



so 



55 




OBoc 



This was prepared from fe/t-butyl 4-(18-(3-benzyk>xy-1 5 4-dihydro-2*methyl-4-oxo-1 -pyridinyl)-4,7,10,1 3,16-pentaox- 
aoctadecyl)~2,6~dhferf-biitylphenyl carbonate according to the method described in Example 1 to give the product (230 
mg : 96 %) as a brown oil. This product contained a small amount of material resulting from additional loss of the 8oc 
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protecting group. As this impurity was the ultimate product required in the next step the material was used without 
further purification; NMR d H (400 MHz, CDCi 3 ) 1.36 (18H, s), 1.52 (9H, s), 1.88 {2H, m) : 2.12 (3H, s), 2.62 (2H, t, J8 
Hz), 3.4-3.7 {20 H ; m) : 4.10 (2H, m), 6.49 (1H ; d, J6.5 Hz), 7 09 (2H, s) ; 7.38 (1H, d, J6.5 Hz); m/z (ES+) 692 (100%). 
1 -{ 1 3-(3, 5-Di- tert~butyl-4~hydroxyphenyl) -3, 6, 9,12,1 5-pentaoxaoctaadecy!)-3-hydroxy-2-methy!-4 (1 H }-pyridinone 

5 



10 




This was prepared from terf-butyl 4-{18™(1 ,4-dihydro-3-hydroxy-2-methyM-oxo-1 -pyridiny!)-4,7, 10,13,1 6-pentaox- 
15 aoctadecy[)-2,6-di-te?rf-butylphenyl carbonate according to the method described in Example 1 3 to give the titlo com- 
pound (170 mg s 87%)as an orange oil: IR v max (CH 2 CI 2 )/cnr 1 2954,2872, 1754, 1689, 1629, 1566, 1582 ; 1508 ; 1436 : 
1360, 1265 and 1119; NMR S H (400 MHz, CDC\ 3 ) 1.44 (18H, s)> 1 89 (2H, m), 2 40 (3H, s), 2.59 (2H, t, J 8 Hz} f 3 50 
(2H, t, J8Hz), 3 5-3.75 (18H, m), 4.05 (2H, m), 6.32 (1H, d, JS Hz), 6.97 (2H, s} 5 7 31 (1 H, d, JS Hz); m/z (ES+) 592 
(100%). 

20 

Example 1S 

[0153] 2-(1,4-Dihydro-3-hydroxy-2-methyi-4-o^ 

toxy)-2,5 1 7,8-tetramethyl-2H-benzopyran-2-carboxylate dihydrochloride 

25 



30 




35 [01 54] 2-(3-Benzyioxy-1 f 4-dihydro-2~methyi-4-oxo-1-pyhdinyl)eihyf^ N-dimethyfaminoacetoxy)- 
2, 5, 7 t 8-tetramethyh2H -benzopyra n-2-cai boxy laie 



40 




45 To a stirred solution of 2-(3-benzyfoxy-1 5 4-dihydro-2-methyl~4-oxo-1-pynd!ny!)ethyl SAdihydro-e-hydroxy^SJ^-le- 
tramethyI-2H-benzopyran-2-carboxylate (1 .84 mmol) in dry pyridine (10 ml) under argon at 0°C is added A/ r A/-dime£h- 
ylgjycy! chloride hydrochloride (0.58 g, 3.68 mmol). The suspension is stirred under argon at room temperature for 24 
h and then heated at 70°C tor 48 h. After cooling, the reaction mixture is evaporated in vacuo. The residue is partitioned 
between CH 2 C! 2 (40 ml) and wafer (40 mL). The organic phase is separated, washed with water {30 mL) and brine 

50 (30 mL), dried (MgS0 4 ) and evaporated in vacuo. The crude material is purified by chromatography fSi0 2 ; CHCi 3 . 
MeOH:AcOH (90:8:2)] to give the product. 

[01 55] 2-( 1 r 4-Dihydro~3-hydroxy-2-methyi-4-oxo-1-pyridinyf)ethyl 3A~dihydro-6-(N,N-dimethylaminGaceioxy)-2 t 5, 
7 t 8-tetramethyl-2H-benzopyran-2-carboxyiate dihydrochioride 

55 
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25 



40 



HO 




This is prepared from 2-{3-benzyloxy*1 s 4~dihydro-2-methyl-4-oxo-1 -pyridinyl)ethyl 3 } 4-dihydro*6-(N s N-dimethylami- 
10 noacetoxy)~2 ! 5 J 7 i S-tetramethy^2H-benzopyran-2-carboxylate according to the method described in Example 2 to pro- 
duce the title compound. 

Biological Testing Procedures and Data 

1& [0156] The ability of the compounds of the present invention to protect against oxidative damage has been shown 
in both in vitro and in vivo models. These models are briefly explained below. 

Lipid Peroxidation assay 

20 [0157] Lipid peroxidation in rat brain homogenates is a general procedure used to measure the antioxidant capacity 
of molecules in a biologicai environment (Das N.P. and Ratty A,K., Siochem. Med. Metab. Biol. 1987, 37, 256-264). 
Compounds of the present invention have been shown to be potent inhibitors of lipid peroxidation. 



lodoacetate induced cell toxicity in culture 



[0158] lodoacetate, via its alkylation of glyceraldehyde-3-phosphate dehydrogenase (GAPDH), is a potent inhibitor 
of glycolysis and hence energy production in cells. This form of chemical hypoxia has been demonstrated to result in 
a state of oxidative stress, from which the cells can be rescued by antioxidant molecules (Uto A. et al. } J. Neurochem. 
1995, 64, 2185-21 92; Malcolm C.S etaL, Soc. Neurosci, : 1 998, Abstr. 570.21 }. The compounds of the present invention 
30 have been shown to protect cerebellar granule cells from this chemical induced oxidative stress. 

MaJonic Acid lesion model 

[0159] Malonic acid is a competitive inhibitor of succinate dehydrogenase. It depletes extracellular ATP production, 
35 and intrastriatal injection has previously been demonstrated to cause a NMDA receptor mediated lesion (Greene et 
aL, J. Neurochem., 1993, 61 , 1151-1154). Compounds of the present invention have shown neuroprotective ability m 
this animal model of oxidative stress. 



1, in Vitro Assays 
1a, Lipid Peroxidation 

Procedure 

4S [0160] Rat cortex was homogenised in 20 vols, of ice cold 0 32~M sucrose and centrifuged at 1 ,000 g for 10 min 
The peNet was discarded whilst the resulting supernatant was centrifuged at 15,000 g for 20 min at 4 °C to yield p 2 
pellets The pellet was re-suspended in ice-cold 50.0-mM phosphate buffer and centrifuged at 30,000 g for 20 min at 
4 a G, The pellet was re-suspended in 30 vols, of 50.0-mlvt phosphate buffer and used immediately in the assay. 
[0161] Assays contained 500-uJvl L-ascorbic acid to induce lipid peroxidation, plus various concentrations of test 

50 compound, with the tissue preparation in a total volume of 500 uL. This was incubated at 37 *C for 30 min. Lipid 
peroxidation was measured by adding to the reaction mixture, 300 \iL 40 % (w/v) trichloroacetic acid, 150 uL 5.0-M 
HC! and 300 ^L 2 % (w/v) 2-thiobarbituric acid (TBA). Samples were then heated at 90 °C in a water bath for 1 5 rma 
and centrifuged at 15,000 g for 10 min. The pink colour of the supernatant was assessed spectrophotometrlcalfy a\ a 
wavelength of 532 nrn. The amount of malondialdehyde (MDA) in the samples was calculated using a standard curve 
prepared with malondialdehyde tetrabutylammonium salt (Das : N.P and Ratty, A.K. Biochem. Med. Metab. Biol. 1987, 
37, 256-264). 
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Data 



to 



15 



20 



25 



30 



[0162] Results are expressed as IC S0 values (jjlM) and presented in Table 1. The IC 50 values show trie concentration 
of test compound required to inhibit the lipid peroxidation by 50%. 

Table 1 



Lipid Peroxidation 


Compound Exam Die No 




Example 1 


0.2 


Example 2 


0.2 


Example 3 


1.5 


Example 4 


1.0 


Example 5 


0.8 


Example 6 


0.2 


Example 7 


0.1 


Example 6 


0.5 


Example 9 


0.4 


Example 10 


0.2 



[0163] The results demonstrate that the compounds of the present invention inhibit the peroxidation of lipid mem- 
branes induced by ascorbic acid. 

1b Cell Death 

Procedure 



35 



40 



45 



[0164] After 6-8 days in culture, cerebellar granule cell (CGC) cultures in 96-weli plates (250,000 cells per well) were 
prepared for hypoglycaemia. lodoacetate (I AA) was made up in a balanced salt solution (BSS) (NaCI, 154.0-mM: KCi, 
5.6-mM; MgCI 2 , 1 ,0-mM; CaCI 2[ 2.5-mM; N-[2-hydroxyethyqpipera2ine-N'-[2-ethanesulfonic acid] (HEPES), 1 0.0-mM; 
D-glucose, 5.6-mM; pH 7.4) and any neuroprotective agents were made up in pre-warmed tissue culture media and 
allowed to equilibrate in a controlled environment {5 % C0 2> 95 % air). The assay was initiated by aspiration of the 
maintenance media, which was replaced by either BSS (control) or 30-u.M I AA in BSS, both solutions containing 1 0-jiM 
of the NMDA receptor antagonist MK-801 . The exposure to I AA was for 30 min only at 37 °C, after which time the BSS 
was aspirated and replaced with fresh, pre-equilibnated maintenance media containing various concentrations of test 
compound. All conditions were performed a! least in duplicate in each 96 well plate. The final volume lor each well was 
always 200 uL Following a 24 hour incubation, visual inspection of the cells was followed by quantification of neuronal 
cell death by measuring S-^S-dimethynhiazof^-yll^.S-diphenyltetrazo^um bromide (MTT)-reductase activity as de- 
scribed previously (Malcolm el ai f J. Neurocheru 1996, 66, 2350-2360). 

Data 



50 



55 



[0165] Resists are expressed as EC S0 values (pM) and presented in Tabie 2. 

Table 2 



Cell Toxicity 


Compound 


EC 50 (u.l/1) 


Example 1 


0.3 


Example 2 


3.3 


Example 3 


1,8 
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Table 2 (continued) 



10 



15 



20 



Cell Toxicity 


Compound 


EC 50 (pM) 


Example 4 


1.8 


Example 5 


2.6. 


Example 6 


-3.0 


Example 7 


0.6 


Example 8 


3.8 


Example 9 


1.6 


Example 10 


-5.3 



[01 66] The results demonstrate the protective effect of the compounds of the invention on neuronal ceHs exposed 
to oxidative damage induced by IAA. 

1 c. Measurement of oxidative stress 

Procedure 



25 



30 



35 



[0167] intracellular oxidative stress was measured using the oxidant-sensiftve fluorescent dye 2*,7 , -dichlorodihy- 
drofluorescein diacetate (DCFH-DA) (Molecular Probes). The non-fluorescent DCFH-DA readily crosses cell mem- 
branes whereupon it is trapped within the cytoplasm by deacetylation to the non-membrane permeable form dichioro- 
dihydrofluorescein (DCFH). Upon oxidation, DCFH yields the highly fluorescent product dichlorofluorescein (DCF). 
Briefly, growth medium was aspirated from cultures and replaced with 200 uJ BSS (plus 1 0.0-u.M MK-801 ) or BSS (plus 
10.0-u.M MK-801) containing 30.0-uJvl IAA alone or in combination with various concentrations of antioxidants. After 
incubation at 37 °C for 30 minutes, cultures were aspirated once more and TO.0-j.rM DCFH-DA (200 ut) added to all 
wells. After a further 20 minute incubation at 37 °0, fluorescence was measured in a Cytofluor II fluorescent plate 
reader {X ex ~485nm; A. em -530nm). Background fluorescence values from wells treated wrtn 2 % Triton X-100 were 
subtracted Irom both basal and stimulated fluorescence values and the effects of test compounds expressed as a 
percent inhibition of the lAA-stimuiated fluorescence increase over basal. 

Data 



40 



45 



50 



[0168] Results are expressed as EC 50 values (uJvt) and presented in Table 3. The EC S0 value gives the effective 
concentration of test compound required to block the oxidation of DCFH to DCF by 50%. The EC 50 value is derived 
from Figure 1 by extrapolating from the point at which the fluorescence value is reduced to 50% of its original maximum 
value. Figure 1 shows !AA-stimulated fluoresence values as a function of concentration for Example 10. 

Table 3 



Oxidative Stress 


Compound 


EC £0 (uMi 


Example 10 


0.8 



[0169] The results demonstrate that the compounds of the invention inhibit oxidation of DCFH to DCF in a simiiar 
manner to that of their inhibition of i AA-induced cell death. This confirms that the neuronal toxicity induced by IAA is 
a result of oxidative stress, and that the compounds of the present invention protect neuronal cells from oxidative stress. 
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1. In Vivo Assay 

Ma Ionic Acid Lesion Mode! 

5 Procedure 

[0170] Malonic acid is a competitive inhibitor of succinate dehydrogenase, a key enzyme In both the tricarboxylic 
acid cycle and oxidative phosphorylation, injection of malonic acid into the striatum causes ATP depletion, resulting in 
an excitotoxic lesion (Greene et ai., J, Neurochem., 1 993 7 61 T 1151-1154). 2 u.L of a 0.5-M malonic acici solution is 
10 injected into the right striatum of rats, with or without test compounds. 24 hours after surgery the animate are sacrificed 
and the size of the lesion measured using TTC histochemistry. 

Data 

1^ [0171] The observed activity of the compound of Example 2 is displayed in Figure 2. 7,7 ng of the compound is the 
equivalent of 2 u.L of a 10.0-u.M solution. 23.2 ng of the compound is the equivalent of 2 u.L of a 30.0-uJvl solution. 77.3 
ng of the compound is the equivalent of 2 uL of a 100.0-|llM solution 

[0172] The results demonstrate that the compounds of the present invention have neuroprotective ability in an animal 
model of oxidative stress. 

20 

Claims 

1. A compound of the formula (1): 

25 



30 




(OR 5 ), 



R J 
R 3 
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5 




10 

(All) 

wherein R 1 , R 2 and R 3 are independently selected from H and alkyl; 
wherein X is O, S, NR 4 or a direct bond, wherein R 4 is H or alkyl; 

wherein Z is a saturated hydrocarbyl chain comprising from 1 to 20 carbon atoms interrupted by one or more 
heteroatom(s) and optionally substituted by one or more oxo substituenf(s); 
wherein q is 1, 2 or 3; 

wherein if q is 2 or 3, then each A can be the same or different; 
20 wherein the or each R s is independently selected from H and alkyl: 

wherein the or each R 6 is independently selected from alkyl; 
wherein n is 1 to 5; 
wherein p is 0 to 4; and 
wherein the sum of n and p is less than 6 : 

25 

or a pharmaceutical^ acceptable salt thereof. 



2, A compound according to claim 1 wherein R 1 , R 2 and R 3 are independently selected from H and unsubstituted alkyl. 

30 3. a compound according to claim 1 wherein A is Al and R 2 and R 3 are independently selected from H, unsubstituted 
alkyl, CH 2 OR 7 CH 2 OCOR 7 , COOR 7 3 CH 2 NHR 7 CH 2 NHCOR 7 and CONHR 7 wherein R 7 is selected from H and 
alkyl. 

4. A compound according to claim 3 wherein R 1 rs H or unsubstituted afkyL 

35 

5. A compound according to claim 1 wherein A is and R T and R 2 are H and R 3 is unsubstituted alkyl. 

6. A compound according to claim 1, 2, 3 : 4 or 5 wherein R 3 is methyl. 

40 7. A compound according to claim 1 wherein A is All and R 1 , R 2 and R 3 are independently selected from H, unsub- 
stituted alkyl.. CH 2 OR 7 , CH 2 OCOR 7 . COOR 7 , CH 2 NHR 7 : CH 2 NHCOR 7 and CONHR 7 wherein R 7 is selected from 
H and alkyL 

8. A compound according to claim 1 wherein A is All, and R\ R 2 and R 3 are K 

45 

9. A compound according to any one of claims 1 to 8 wherein q = 1 



10. A compound according to any one of claims 1 to 9 wherein Z is a saturated hydrocarbyl chain comprising from 1 
to 20 carbon atoms interrupted by one or more group(s) selected from O, S, SO, S0 2 , S0 2 NH NHSO^, NH, NHCO, 
so CONK NHCONK NHCOO, OCONH, OCO and COO. 



1 1 . A compound according to any one of claims 1 to 1 0 wherein Z is (CH 2 ) k W(CH 2 ) m; wherein k and m are independ- 
ently 0 to 20; wherein 1 < (k+m) < 20; and wherein W is selected from Q, S, SO.. S0 2 , S0 2 NH, NHSO a> NH, NHCO, 
CONH, HCONH, NHCOO, OCONH, OCO and COO. 

55 

1 2. A compound according to claim 1 1 wherein k is 1 , 2, 3 or 4 and m is 1 , 2, 3 or 4. 



13. A compound according to claim 11 wherein: 
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when k is 0, W is selected from O, NH, NHCO, NHCONH, NHCOO and OCONH or 
when k is 1, W is selected from SO : S0 2 , SG 2 NH ; CONH and COO; or 

when m is 0 and X is a direct bond, W is selected from O, S f S0 2 NK NH, CONH, NHCONH, NHCOO, OCONH 
and COO; or 

when m is 0 and X is O, S or NR 4 : W is selected from SO, S0 2 , NHS0 2 and NHCO; or 
when m is 1 and X is O, S or NR 4 , W is selected from SO, S0 2 , NHSO a and NHCO, OCO. 

14. A compound according to any one of claims 1 lo 13 wherein Z comprises from 1 to 13 carbon atoms. 

15. A compound according to any one of claims 1 to 13 wherein Z comprises from 1 to 10 carbon atoms. 

16. A compounds according to any one of claims 1 to 13 wherein Z comprises from 1 to 8 carbon atoms. 

17. A compound according to any one of claims 1 to 16 wherein X is O, S or a direct bond. 

18. A compound according to any one of claims 1 to 16 wherein X is NR 4 and R 4 is alkyl. 

19. A compound according to claim 18 wherein R 4 is cycltsed on to the chain defined as Z. 

20. A compound according to any one of the previous claims wherein R s is selected from H and C 1l0 aJkyl. 

21. A compound according to any one of the previous claims wherein at least one R 5 is H, 

22. A compound according to any one of the previous claims wherein R 6 is methyl, isopropyl or t -butyl, 

23. A compound according to any of claims 1 to 18 wherein R 5 is alkyl and is cyclised onto the chain defined as Z. 

24. A compound according to any of claims 1 to IS wherein R 6 is alkyl and is cyclised onto the chain defined as Z. 

25. A compound according to any one of claims 1 to 24 for use in therapy, 

26. Use ol a compound according to any one claims 1 to 24 in the manufacture of a medicament for the treatment of 
a condition associated with oxidative stress. 

27. A method of treating a condition associated with oxidative stress comprising administering to a patient in need of 
such treatment an effective dose of a compound according to any one of claims 1 to 24. 

28. A use or method according to claim 26 or 27 wherein said oxidative stress is oxidative damage of the central 
nervous system. 

29. A use or method according to claim 26 or 27 wherein said condition is an acute or cbronrc neurological disorder. 

30. A use or method according to claim 29 wherein said neurological disorder is traumatic brain injury sprnal cord 
injury, cerebral tumour, subharrachnoid haemorrage/cerebral vasospasm, cerebral ischaemia, stroke {ischaemic 
or haemorragic), Alzheimer's disease, Huntington's Disease, Parkinson's Disease, Friedrich's ataxia, motor neuron 
disease or multiple sclerosis. 

31 . A pharmaceutical composition comprising a compound according to any one of claims 1 to 24 in combination with 
a pharmaceutically acceptable carrier or excipient. 
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